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Introduction. 

The unique interest and importance of the palaeobotanical work already done on the 
Palaeozoic flora depends in a great measure on the nature of the fossil remains which 
were available for investigation. Were equally favourable material to be had from 
any other epoch, there is no doubt that it would be of just as great anatomical and 
phylogenetic interest. 

It has been our inestimable good fortune to obtain petrified debris from the 
Mesozoic, so that we have been able to examine fragments of a variety of plants 
lying together as they drifted from the Cretaceous forests. The nodules in which 
these petrifactions occur are very comparable with the nodules in the Palaeozoic, # as 
has been described in a separate paper by one of us (Stopes, 1909). They appear to 
be the only known structures of Mesozoic age in which such petrified plants occur. 

In the present paper, the first, we hope, of a series on the subject, we are able to 
give a preliminary description of a Mesozoic community of plants known by their 
anatomical characters. 

The 18 plants here described range from Fungi to Angiosperms, and though the 
number may not seem very great when compared with the long lists of plants often 
described from fossil impressions, it will appear in its true light when compared with 
the work on anatomical palaeontology, where the investigator has usually to be content 
with one or two species at a time. In this connection it may not come amiss to 
remember that of the English Carboniferous flora, so universally known and so vitally 
important to phylogeny, and always described as so rich, only about 70 structural 
species are known at the present day, after more than 50 years' work by 
Williamson, Binney, Scott, Oliver and a host of other investigators. When, 
therefore, after about two years' work we are able to present 18 plants from the 
newly discovered Cretaceous flora, we feel that there is every promise for the future 
of a rich harvest when other investigators have entered the new field and the 
necessary mass of material has been examined. 

All the species here described are new, and all are described from the anatomical 
structure of some or other of their parts. The question of their relationship to some 
of the numerous fragments of leaf and stem impressions which have been described 
from the Cretaceous of many countries is a difficult one, a question, in fact, which 
at this stage it is impossible to answer. That the commonest among our petrified 
plants should be, in matter of fact, actually the same natural species as the commonest 
among the impressions is very likely, although no weight can be placed on such 
an assumption. The same difficulty exists in dealing with the Palaeozoic floras, 
where the number of impressions correlated with structural material is extraordinarily 
small. Our nodules, however, are rather more hopeful in this respect than the 

* It will be understood that these Palaeozoic nodules contain numerous fragments of many parts of 
plants, the dSbris of a mixed .flora. 
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Palaeozoic ones, and there is reason to suppose that in the future something substantial 
may be done in this direction. 

In dealing with the anatomy of these plants, the material has been fairly 
satisfactory. The preservation of the tissues is often such that all details of cell 
structure can be made out readily with the high power of the microscope : the finest 
pit canals in thickened tissue are common, and in soft tissue there are several cases 
of appearances which carry conviction that they are nuclei. The principal 
disadvantage of the material is the very small size of most of the fragments. The 
debris had drifted (see Stopes, 1909), not like the Palaeozoic coal balls which had 
petrified the material where it fell, and though it had journeyed only a short 
distance, it shows signs of the accidents of travel. The larger pieces of wood are 
frequently bored, and the small twigs, leaves, etc., are often so macerated that they 
are not large enough to yield a series of sections. This reduces the chances of leaves 
remaining attached to the parent stems or fructifications to the vegetative parts. In 
spite of this, however, there are such twigs as Gryptomeriopsis, described on p. 52, 
where the leaves surround the parent twig. 

In this present paper we do not describe all the species which have already passed 
through our hands, but have selected those which had some special point of interest 
or seemed to be particularly abundant, or well preserved, or representative of a group. 
There remain in the slides already in our possession a number of species to be described 
later, and a great number of very small fragments or parts difficult of interpretation, 
among which are several Angiospermic leaves in transverse section, which we hope 
future specimens may elucidate. 

The fate of the older types of plants and the birth of the new are alike veiled in the 
obscurity of the Mesozoic ages. While of most of the other groups of plants some 
definite records have been preserved on which to base a reconstruction of their history, 
of the Angiosperms there are practically none. Owing to their late appearance in the 
world, they do not figure among the well preserved Palaeozoic petrifactions, as do 
some members of nearly all the other groups of vascular plants. Hence their early 
history is at present not only unwritten, but unwritable. As all recent workers who 
have touched on the subject have deplored, there are no true petrifactions of any of 
their parts in the Mesozoic rocks, beyond one or two fragments of secondary wood. 
Hence, though far from complete, the structural details described in this paper of six 
Angiosperms afford a few data toward filling up an important hiatus in botanical 
knowledge. Scanty enough as the information must seem in the face of the numbers 
of plants which must have existed at the time, it is the most important contribution 
in this paper, though the Gymnosperm Yezonia, with its unique structure, is perhaps 
more directly interesting. 

The central theme of the paper is the consideration of the plants all together, as 
representing the first example of a community of Mesozoic age in which the three great 
groups of plants seemed to be more equally mixed than in any other fossil community. 

B 2 
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Material. 

All the specimens described in this paper are from nodules found by us at different 
times in the Cretaceous rocks of Hokkaido, Northern Japan. The nodules usually 
contain numerous small fragments scattered through the matrix, though a few 
contain only a single stem. In nearly every case there are parts of the shells of 
Ammonites in the nodules. These have been described by Yabe (1903), and there 
is no doubt, as a consequence, that the plants are of Cretaceous age. The size of 
the nodules is often very considerable : most of those which we cut were 4 inches 
to 2 feet in diameter, and some reached a much greater size. Large stems may 
be preserved in them, as in the case of the trunk of Cedroxylon, but most of the 
fragments are minute. 

The hardness of the matrix is, as would be expected from its chemical nature 
(containing 30 per cent, silica, see Stopes, 1909), intermediate between that of the 
calcareous coal-balls and silicified wood. We found that the finer-grained nodules 
contained better preserved tissues than the coarse ones. 

In many cases there are blackened fragments, particularly of leaves, mixed with 
those which consist of well-preserved tissue. These often show up as impressions 
when the nodules are split open. 

Cutting of the Nodules. 

The cutting of the nodules and the preparing of the slides we did ourselves. In 
this work, the selecting and orientating of the blocks was very important, and, 
although it took much time, we found that it was time well spent, for in the course 
of cutting the nodules features sometimes became apparent which would have been 
rubbed away by the workman in the final polishing in the ordinary course of events 
when the work is done by a lapidary. 

A fossil cutting machine was specially erected for the purpose at the Imperial 
University, Tokio. The details of our methods, when they are perfected, and o± 
the new machine, will be described by one of us in a future paper. 

In many of the nodules the enclosed stem or other tissues were apparent sticking 
through the matrix on the outside. In such cases, when it appeared worth cutting, 
it was possible to orientate the block on the machine, but in most cases the nodules 
were cut or broken open first, and the sections orientated in relation to the most 
promising of the specimens in it. 

Description of Plants. 

Petrosphceria Japonica. 

(Plate 1, figs. 1-6.) 
Fungal hyphse are to be seen in a large number of the higher plants whose 
structure we consider in this paper. They appear to be of several species, and 
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among them are the septate hyphae of the higher fungi as well as those of the lower 
forms. The fungus now about to be described was selected for the purpose because 
it shows at the ends of many of its hyphae cells or groups of cells which are 
evidently fructifications or resting masses, and the whole is so exceptionally well 
preserved in comparison with most fossil fungi. 

The vegetative hyphae are numerous, penetrating the cortical tissue of the 
angiospermic stem described on p. 58, Saururopsis. • Within the outer tissues of 
the host are also very numerous clusters of plectenchyma. or resting masses of the 
fungus. The tissues of the host are indeed infested with the fungus, but principally 
in the periderm layers. There are no signs of external fructifications. 

The vegetative hyphae are 2-4 ju, in diameter, and run in the cells of the cortex in 
great numbers, sometimes twining and twisting so as to almost fill a cell (see fig. 1, 
Plate 1). Their septa do not show in many cases, but in quite a number of places 
septa are visible running at right angles to the hyphae walls. 

The nests of thickened cells, and end cells of hyphae with swollen and thickened 
walls are also very numerous, and when mature seem to consist of a roundish or 
oval mass composed of a thick walled closely set plectenchyma of irregular size and 
shape, though commonly roundish (see figs. 4 and 5, Plate l). The masses consist 
of " cells " which are large in comparison with the hyphae, and have thick walls 
(see fig. 6 for such a mass in section) of a dark brown colour. 

In slide 1 B 2, among others, several stages can be seen which appear to be 
developmental. The stage figured in fig. 2, Plate 1, shows the end of a hypha cut 
off by a straight septum from the swollen and thickened end cells. Fig. 3 shows a 
part of the mycelium swelling up in a more irregular way. Small groups of 
clustering, dark-coloured cells are common, and offer a good many intermediate 
grades between the first stages, as in fig. 2, and the large masses like those in 
figs. 4-6. Fig. 5 shows the compact form of a spherical body, such as is common 
in the cortical tissues of the host, while fig. 6 is cut in section and is suggestive 
of a mass which is germinating in several directions, the hyphae h on the right 
seeming to come directly from it. 

There are also in the layers of the host very numerous cells filled with a blackened 
frothy network, which appears not unlike cells once occupied by fungal clusters 
which are now effete, the fungus having probably withdrawn to the outer zones of 
the host. 

Habit. — -That the fungus was an underground form seems indicated by the fact 
that its host was a rhizome or the base of a stem. Whether it was a saprophyte or a 
parasite there seems at present no means of determining. Figures given by Haktig 
(1880) show swollen, thickened cells arising from the mycelium of a living form, which 
are very similar to those of this fossil although less extensive. Among living forms 
such cells are known to function as resting stages or microsclerotia, and it is extremely 
probable that the fossil clusters have the same function, 
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The very numerous masses of resting cells combined with the ordinary vegetative 
hyphae, seem to indicate that the fungus was just going into or coming out from a 
resting condition, which might perhaps have alternated with vegetative growth in 
the same or neighbouring hosts for a long time without the formation of true spore- 
bearing fructifications. The blackened used-up-looking cells in the cortex of the host 
offer some suggestion that the fungus had lived in them and had gone from them to 
the cells of the outer layers. 

Affinities, — The septate hyphse place the fungus undoubtedly among the higher 
forms, but the lack of characteristic spore-bearing fructifications makes its exact 
location impossible. Among members of Sphaeriaeese, such resting masses as those in 
the fossil are not uncommon, and it is in this family that, temporarily at least, we 
incline to place the fossil. 

Among fossil fungi none are known which offer any definite grounds for association with 
the fossil now described. The majority of fossil fungi belong either to the lower fungi, 
or are so extremely inconclusive that sound argument can hardly be based on them. 

A miocene form described by Salmon (1903) is sufficiently similar to this new 
fungus for comparison, though there seems no close likeness. The groups of Salmon's 
Circosporites consisting of a very much smaller number of cells than the nests of the 
present fungus, and the hyphse showing none of the irregular swollen cells which are 
so characteristic of Petrosphceria, The host, geological period, and other details differ 
so widely in the two cases that it is very unlikely that there is anything more than a 
slight superficial similarity between them. 

We are much indebted to Mr. George Massee, of Kew, for his opinion on this 
fungus, which was very helpful. 

Diagnosis : — 

Petrospeleria, gen. nov. P. JAPOisriOii, sp. nov, 

Hyphse septate, 2-4 p in diameter, the septa at right angles to the long walls. 
Many cells of the hyphae irregularly swollen to a large size. These swollen cells 
usually thickened, and forming round or irregular nests of plectenchyma which has 
often extremely thick walls. These clusters, entirely within the tissue of the host, 
principally in the periderm. 

True spore formation at present unknown. 

In stem (apparently underground) of Saururopsis, gen. nov. 

Upper Cretaceous, Hokkaido, Japan, 

Schizceopteris mesozoica. 

(Text-figs. 1, 2, and 3, Phot. 1, Plate 2.) 

This plant we know only from a fragment of its fertile portion. This includes a 
number of sporangia cut in varying directions so as to give quite sufficient evidence of 
their structure to justify the reconstruction in text-fig. 1. The specimen is preserved 
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only in one section, Dl Z3, and the neighbouring slides in the series show no tissue 
that could he interpreted as belonging to it. 
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Texmtg. 1.— Restoration of a single 
sporangium of Schizwopteris, 

an, annulus ; op, apical cell ; s, wall of 
sporangium ; jp, base of sporangium, 
B, section cut through A at the level 
a.,.b; an, annulus. 




Text-fig. 2.— Outline sketch of the whole sorus as seen in 

Photo 1, PL 2. 

A, B, and o, arms of sporophy 11 tissue possibly connected in life ; 

a, attachment of some of the sporangia ; e, epidermis cells. 




Text-fig. 3. — Sporangia of Schizceopteris mesozoka, Stopes and Fujii. 
A, longitudinal drawing of a complete sporangium, showing the base of attachment and the apical cap ; 
B and C, details of the annulus in longitudinal and oblique sections] D, part of a surface view of one 
of the sporangia, showing the, thick- walled annulus cells, an, and the form of the sporangial wall, s. 
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The general form of the section is seen in Phot. 1, Plate 2, where the sporangia, sp., 
are seen attached at several places, some of which are marked a. The camera lucida 
drawing in text-fig. 2 shows the essentials of the group, and the sporangia attached 
to the sporophyll. The form of the latter cannot be accurately determined from the 
single section which is at our disposal, and which was apparently cut in oblique 
tangential direction to the veins, but it is very possible that the fertile portion of the 
sporophyll was segmented and curved somewhat to protect the sporangia which were 
not covered by any indusium. 

The Sporangia. — -The sporangia are cut in a variety of directions, a few of which 
are shown in detail in camera lucida drawings in text-fig. 3, A-D, as well as in the 
diagrams in text-figs. 1 and 2. They were 0*46 mm. long by about 0*2 mm. at the 
widest part of the annulus from which they gradually diminished till they were 
0*06 mm. at the basal attachment. The restoration in text-fig. 1 shows the form of the 
complete sporangium. Except for the annulus cells the wall is generally too poorly 
preserved to show its detailed structure, but text-fig. 3, D shows a few cells of the 
surface view of the wall which indicate that the cells composing it had pointed or 
square ends as they fitted into each other, such as are seen in the living Schizeacece. 
The cells of the apical annulus are particularly large, long, and with very thickened 
walls, as is seen in the transverse sections, text-fig, l 9 ari. It is possible that it did 
not form an absolutely symmetrical cap, but there is no proof that it did not, the 
sections showing an apparently one-sided annulus being obliquely cut. 

The absence of a stalk is a point of systematic importance, and one about which 
there is no doubt, as several of the sporangia are attached and cut approximately 
vertically ; in this character, as well as in the apical cap, they are like the simpler 
of the Schizaeas. 

There are a few spores lying in and among the sporangia, but not sufficient to 
give any indication of the number a sporangium contained. They are considerably 
crushed and not very well preserved, but appear to have been triangular, and are 
about 0*4 mm. in diameter. 

Form of the Sporophyll. — From the part we have it is evident that a large 
number of sporangia were massed together, and not as in Lygodium placed 
separately, each in an enclosing indusium. From indications of epidermal-like cells 
(seen in the drawing at e, text-fig. 2) it appears probable that the arms of tissue A, B, 
and c were united by laterally running soft tissue, and that they are, in fact, the 
veins of a foliage-like fragment. The character of the cells in A, B, and c supports 
this view, for they are considerably elongated, as are the cells over veins. No actual 
vascular tissue is recognisable, though there is a very narrow cell in B which 
resembles an annular thickened element, but if, as we imagine, the section is cut 
tangentially to the surface of the veins, it may well be that it escaped their tracheids 
just as it has escaped the connecting lamina. The appearance of the sporangium, 
apparently attached at the apex of B, is probably due to the sloping of the section, 
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or the curving of the vein, which takes the rest of the tissue out of the plane of 
the section. That there was something in the nature of a placental pad of tissue, 
possibly over the veins, seems to be indicated by the pad p 9 in Photo 1 and 
text-fig. 2. It is unfortunately impossible to determine whether there is vascular 
tissue within it because of a small break in the matrix. 

It is probable that the sporangia were arranged thickly along the veins, as the 
row along A seems to indicate. If so, a tangential section cutting the veins would 
show a mass of sporangia such as lie in our section. 

Affinities, — The form of the single sporangium, with its large apical cap and broad 
stalkless base, is a sufficient guarantee for the inclusion of this fossil in the family 
of the Schizceacece. Among the living genera there is very considerable variety in 
the arrangement of the sporangia, and as there is so small a portion of the sporophyll 
it is impossible to say with which of them our fossil agrees most closely in general 
features. It is clear, however, that it does not come near Lyg odium with its 
laterally seated, isolated sporangia, while in the character of the sporangia them- 
selves it comes nearer to Aneimia than it does to Schizcea. The fossil differs from 
the living genera, however, in the relative massiveness of its annular cap, which 
appears to be the widest part of the sporangium, unlike the living genera, in which 
it usually narrows down to the apex. The placing of the sporangia on the veins is 
characteristic of the whole family ; in Lygodium and Mohria there is only a single 
sporangium on each vein, while in Schizcea a double row lies along the single 
central vein of the reduced sporangiferous segment, and in Aneimia sporangia are 
irregularly placed on either side of the branching veins of the specialised leafy 
portion. It is the last genus which in a small tangential section would seem to 
yield the nearest approach to the fossil, though they do not agree identically, the 
fossil having a greater number of sporangia. 

As so little vegetative tissue is present it may be well to note the only point of 
any possible systematic value which it seems to yield, viz., the epidermal cells seen 
in surface view at the tissue A and b. In the " Pflanzenfamilien," Diels (see Engler 
and Prantl, 1902, p, 357) notes that in Schizcea and several species of Aneimia the 
epidermis cell walls are straight, while in the other genera they are irregularly 
curved and fitted into each other. In our fossil the cells shown at e are seen to have 
quite straight walls, which supports the view of the connection with Aneimia based 
on the characters of the sporangia. 

As fossil forms, there are, so far as we are aware, no other known members of this 
family among structural petrifactions. With impression genera such as Seftenbergia 
and Klukia, for example, comparison is difficult and uncertain, and so far as can be 
judged from the published figures of these genera, our fossil agrees with neither of 
them. 

vol, cci. — b. 274, o 
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Diagnosis : — 

Schiz^eoptebjs, gen, nov. 

Sporangia numerous together along the veins, each standing separately on a broad 
base, sessile, annular cap apical, symmetrical, very massive, composed of a single row 
of cells. Indusium absent. 

S. mesozoica, sp. nov. 

Sporangia, 0'46 mm. long. Their annular ring the widest portion, with a diameter 
of 0*2 mm., consisting of 12-14 similar cells. The single cells of the annulus 
0*12 mm. long. Inner walls of the annulus very much thickened. Spores 0*04 mm., 
triangular (?) Epidermis cells with straight walls. 

Upper Cretaceous, Hokkaido, Japan. 

Fasciostelopteris Tansleii. 

(Text-fig. 4, Phots. 2 and 3, Plate 2 ; fig. 7, Plate 1.) 

Of this plant we have but one specimen, which consists of part of what we take 
to be the main axis of a fern with its petiole coming .away from it. It is not 
impossible that it may prove to be a complex petiole giving off a pinna, but as there 
is no proof of this we will treat it as a stem. The axis is cut in transverse sections in 
the slides 4 K 1 to 4 K 10. Unfortunately the stem lay at the edge of the nodule 
partly exposed, so that the tissues on one side are very incomplete. The petiole, 
however, bent away from the main axis in the direction towards the middle of the 
nodule so that the course of its exit is determinable. 

The main axis shows no clear limiting layer, but there is no reason to suppose that 
it was much greater than it appears in slide 4 K 6, from which we can judge its 
diameter to have been about 5 mm. when living. It was evidently not clothed by 
many closely packed leaf bases, for in the length of the part we have, i.e. about 

11 cm., there appears to have been but the one petiole. There is no evidence whatever 
of adventitious roots of any sort, and though there may have been a few of them, it 
is probably safe to assume that they did not clothe the stem or run in the cortex as 
in the Cyatheaceae and the Palaeozoic Marattiacesa This point is noted, because in 
the large curving band-like steles of its main axis this plant seems to come nearer 
to these families than the other groups of ferns. 

The Main Axis. — The series of diagrams in the text-fig. 4 shows the extent of 
the stem which is preserved in the sections, and the shape and arrangement of the 
vascular bands. The external tissues are very poorly preserved, so that it is impossible 
to determine whether or not the stem was clothed with a differentiated epidermis. 
The main mass of the ground tissue is fairly thick walled ; this is seen in Phot. 2 
Plate 2,g. In many cases the pittings in the walls of these cells are excellently 
preserved, and the whole tissue is see,n to be connected by the fine black lines of the 
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pit-canals. The cell walls are much rounded at the corners, and leave triangular 
spaces between them. In many of the cells there are roundish bodies lying within 
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TEXT-FIG. 4. A to H, diagrams of a series of transverse sections through Fasciostelopteris, showing the exit 

of a leaf trace. Each of the steles is differently marked, and lettered a, b, c, d, and e. The leaf trace 
is seen to be composed of contributions from a, b, and c. 

the cells, often adhering to the walls ; these are somewhat suggestive of starch grains, 
but may perhaps be protuberances from the wall. 

As a result, probably, of the generally thickened nature of the ground tissue, there 

c 2 
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are no distinct bands of sclerenchyma, as such are so commonly found in fern stems, 
e.g., Pteris and Cyathea, and the zones of sclerenchyma enclosing the steles in this 
fern gradually merge with the ground tissue. 

The Vaseular Tissue.- — -The stem is dictyostelic, with five band-like meristeles which 
curve considerably and overlap, leaving an irregular central portion of the ground 
tissue in the middle of the stem. Their arrangement and relative positions and sizes 
are best seen in text-fig. 4, F which is the most nearly complete of the sections. 
In the diagrams the individual meristeles are differently shaded, and their 
changes can therefore be followed easily throughout the course of the portion of the 
stem at our disposal. At first they seem to be much convoluted and small as stele c 
in C. By following the stele c in the series of diagrams, it can be seen to spread and 
become more band-like as it passes up the stem. In the course of the piece of the 
stem we have there is no interlacing of the distinct meristeles, nor do they come into 
connection with each other except at the exit of the leaf trace, which is composed of 
contributions from three vascular bands. Whether or no the steles b and e should be 
considered as accessory strands and the other three only as forming the main series, 
is a point which is Jhardly determinable from the portion of the plant which is 
available. 

An individual meristele is organised in the normal way of ferns, and is therefore 
concentrically arranged with central xylem. There seems sufficient evidence to 
suppose a complete endodermal sheath of small cells between the vascular tissues and 
the small thick-walled elements of the ground tissue, for the endodermis is 
remarkably clearly preserved round parts of the strands. 

The Xylem forms a slightly interrupted single band in each of the meristeles, in 
some places lying in a wavy line such as is usual in the Cyatheacece, and in others 
forming a simple curve. The band contains one to three rows of xylem elements (see 
x, Phots. 2 and 3, Plate 2) which vary considerably in size, from about 0*02 mm. to 
0*08 mm. in diameter. These cells seem to offer no point of distinction from the usual 
type of Leptosporangiate tracheids. Owing to the fact that all the sections are 
transverse, the nature of the pittings on the walls is not ascertainable, but the trans- 
verse appearance is suggestive of scalariform pits. Protoxylems are not absolutely 
determinable because the sections are all transverse, but along the xylem band are 
several groups of small elements at intervals, among which are in all likelihood the 
protoxylem elements, which thus seem to lie on the outer side of the band. 

The cells between the xylem and the endodermis proved difficult of interpretation, 
because they are of a distinctly unusual character. They can be seen in fig. 7 in 
Plate 1, where the large size of the well-marked layer of cells p will be recognised at 
once as a rather remarkable feature. We incline to interpret this clearly defined 
layer of cells as a pericycle. In some Dicksonias the pericyle cells are markedly large, 
although not so much developed as in the present case, and they afford some sort of 
parallel to the layer. Some specimens of Aneimia, too, as Mr. Boodle has pointed out 
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to us, have a rather large-celled perieycle, yet in all living forms we know, the layer 
is far from having so distinctive an appearance as the layer p has in the fossil. 

There seemed also some resemblance between these cells and the large sieve tubes, 
which equal the xylem elements in diameter, of a Ma/rsilia 9 and more particularly 
between them and the sieve tubes of some . of the Marattiacew in which, as 
Shove (L900) has shown, the sieve tubes are external to the protophloems. Hence 
for some time we thought this interpretation of the layer p not an impossible one. 
This view seemed supported by the form of the meristeles and the exit of the leat 
trace, which are suggestive of a reduced Psaronius. This alternative view we have 
now discarded, # for the present at any rate. 

The layer p in the fossil at present being described is presumably perieycle, and will 
be called perieycle hereafter. It is a very well-marked layer, traceable in all sections 
round the vascular strand c and partly in some of the others. The elements are 
noticeably large all through, and are particularly large at the curves of the stele. 
The cell walls appear slightly thickened in the fossil, but this may very well be due 
to swelling previous to petrifaction, as they do not suggest sclerised cells at all As 
a rule these cells abut directly on the endodermis, but locally there are one or two 
small rounded cells between. 

In the layers of tissue between the perieycle and the wood we must seek the phloem. 
This seems to be separated in most cases from the wood elements by a sheath of small 
cells, iv.s. y fig. 7, Plate 1. The remaining layers of cells afford sufficient tissue to 
represent a well developed phloem, but to attempt the actual identification of the 
elements is somewhat hazardous. The thick -walled cells marked t, ph. in fig. 7 seem 
to be thick-walled (sclerised ?) elements such as are not uncommon in a good many 
ferns ; while the large cells ph sv. in the same figure which occur in a few places in 
the fossil, are suggestive of, if not conclusively, sieve tubes. In the bays oi the 
strands,- where the wood bends in a concave form, there is a thick zone of cells between 
the wood and the perieycle in which there are several nests of rounded thick-walled 
elements like those marked *. ph. in the figure. They include some cells of consider- 
able size, but as they lie between the wood and the well-marked and continuous 
perieycle layer they must be considered to be stelar, and are possibly sclerised phloem 
elements also. The endodermis is quite recognisable in a number of places, see en, $ 
fig. 7, Plate 1. The cells are small, relatively to the thick- walled cells of the ground 
tissue next which they lie, and have thin walls. 

Exit of Leaf Trace. — The leaf trace in the base of the separated petiole is a simple 
horse-shoe, with slightly incurved ends, see text-fig. 4, G and H, 

It has a complex origin, however, and contributions run out to form it from 
meristeles a, ?>, and c. Owing to the poor preservation just in that region, it is not 

v. 

* "We are much indebted to Mr. A. G. Tansley and Mr. Gwynne-Vaughan, who spent several hours 
examining this fossil, and whose opinions, generously given, have undoubtedly contributed to this 
conclusion. 
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possible to be absolutely certain of the course of the bending of c just at the point 
where it joins b to form the central loop of the petiolar horse-shoe, but the diagrams, 
dotted in the uncertain part, indicate what evidently seems to have been the course 
of the steles. 

After the exit of the leaf trace the ends of the stem strands c curve in again, as is 
seen in the diagram H in text-fig. 4. The method of exit of the leaf trace is novel in 
some degree, but it can be compared in general with that of some of the simpler 
Dicksonias, while it is not entirely unlike the composite leaf traces of the Psaronii. 

The curve of the petiole strand, instead of lying so as to face the axis, as is 
commonly the case in ferns, is placed at an angle of about 90° to it. This orientation 
of the petiole may be correlated with the habit of the plant, but from the small 
quantity of material at present available it is not possible to determine in what 
manner the plant grew. There is some suggestion of bilateral symmetry in fig. F, 
which might indicate a horizontal growth with consequent curving up of the 
petioles. 

Affinities. — -The curved band-like form of the stem meristeles, with the waving 
outline of the xylem, is like that in the Cyatheacece and a little reminiscent of the 
Palaeozoic Marat iiacece, and would suggest some affinity with one or other of these 
families. Among the other groups in which several meristeles occur in the stems, we 
are acquainted with none which have such long convoluted bands, nor the same 
general appearance as the fossil. The small size of the fossil stem renders the 
question of affinity a little more uncertain than it otherwise would be, for the stem is 
only 0*5 cm. in diameter, and we have therefore a suspicion that it is not mature. 
Considering it as it stands, and judging merely from the arrangement of the 
meristeles and the stelar tissues, affinity with the Cyatheacece in the old-fashioned 
sense seems not unlikely, particularly near the genus Dicksonia. Gwynne- 
Vaughan, 1903, describes some simple species of Dicksonia, including D. Barometz, 
in which the stele is broken up into a simple dictyostelic form. In this plant the leaf 
traces remain as simple horse-shoes for a little distance from the main axis before 
they break up into the numerous strands so characteristic of the family. This 
affords a possible parallel for our fossil in which the leaf base meristele is a single one. 
The majority of forms in this family, as is well known, have numerous meristeles in 
the stem and a very large number of small strands in the petiole, but our fossil seems 
to be organised on the lines of a slightly more complex Dicksonia Barometz. Our 
specimen was broken off at the point where the petiolar strand became free from the 
main axis, so that it is impossible to know whether or not it broke up into a number 
of small strands as in the living species, or whether it remained in its simple curved 
form throughout. 

The general appearance of the meristeles is very similar to that of Caulopteris 
Brownii (Cyatheacese) figured by Cokda : in which there are also five steles as in our 
fossil, but in Cokda's specimen the numerous roots in the ground tissue, which even 
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lie internally to the steles, make a point of difference which may be correlated with 
its greater size, or may be of some systematic importance. 

The uniformly thick- walled ground tissue, in which no secretory cells are to be 
seen, does not favour the view of Marattiaceous affinity, which is indeed only 
suggested by the Psaronius-like form of the vascular strands. It is of course not at 
all impossible that in the past some members of the Schizceacece or Gleicheniacece 
may have had such a structure as this fossil, though there is nothing to support an 
incursion into such theoretical fields. 

* 

In the manner of its leaf trace exit, and the histology of its pericycle and phloem, 
it appears to be unique. It certainly seems to approach nearer to some of the 
Dicksonias than to the other living ferns known to us, and may therefore for the 
present be provisionally included in the Dicksoniaceae. 

Diagnosis : — 

Fasciostelopteris, gen. nov. 

Stem dictyostelic, with five meristeles, each a long curved band. Petiole with 
simple horse-shoe shaped meristele at the base, originating from three stem 
meristeles. Petiole placed at an angle of about 90° to the axis. Pericycle cells very 
large, equalling the metaxylem in diameter. 

F. Tansleii, sp. nov. 

Stem 5 mm. in diameter. Stelar tissue occupying much of its space. Ground 
tissue with a zone of small thick-walled cells surrounding each strand of stelar 
tissue. Petioles far apart. Petiole 1/5 mm. in diameter, the arms of its meristele 
slightly in-curved. 

Upper Cretaceous, Hokkaido, Japan. 

Fern Rootlets. 
(Phot. 4, Plate 2.) 

In a number of the blocks are small fern rootlets, cut in transverse and oblique 
sections. These are unattached and may very well belong to either or all of the 
ferns in the nodules. They have the simple diarch type of stele, universal among 
modern Leptosporangiate ferns, which was already current in the Palaeozoic epoch 
among the Botryopteridese. 

The slides 5 A 15 to 5 A 21 and 4 Q 22 to 4 Q 30a contain the best sections, from 
which the following short description is taken. Phot. 4, Plate 2, shows one of the 
best preserved transverse sections, which was about 0*9 mm. in diameter. 

The cortical region is divided into two very distinct zones : an outer one of large 
cells, which are roundish or hexagonal, with relatively thin walls, and an inner zone 
of very thick- walled small calls three or four rows deep, The latter are often very 
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much blackened as well as thick walled, and their preservation is usually somewhat 
imperfect. 

The endodermis is broken, but some of the radial walls are left sticking to the 
thick-walled inner cortex. The soft tissues have contracted somewhat away from 
the latter, but are present, though rather crushed, and represent the phloem and 
other soft tissue on either side of the wood. The protoxylems are well preserved, in 
two groups at opposite ends of the diameter of the stele. They consist of three to 
six small elements, while the metaxylem consists of two large tracheids in the centre, 
and one or two smaller ones at either end acting as a transition to the protoxylems. 
The wood elements are scalariform, as is seen in oblique sections, and in the large 
tracheids have two or three rows of short pits in the surface view. 

Niponophyllum cordaitiforme. 

(Text-figs. 5, 6, and 7, Phots. 14, 15, and 16, Plate 3.) 

Of this species we have two specimens, which occur with a number of other plant 
fragments in blocks from Yubari. The leaf is seen in transverse series in 
sections 4 J 5 to 4 J 19 ; and though slightly broken in some of them owing to cracks 
in the matrix, it is perfect in a number of the sections. 

The leaf (or pinnule as it very likely may be), is broad with very slightly incurved 
edges, see text-fig. 5, and Phot. 14, Plate 3. In the course of the sections it increases 
in breadth from 6 mm. to 9 mm., and its thickness is about 0*4 mm. In the first 
section there are 21 vascular bundles situated about equi-distantly along its course, 
and in the broader sections there are 33. But although in a few cases two of the 
bundles come slightly closer to each other than do the rest, there is no bundle 
in the process of dividing in any of the sections. Allowing for the loss in cutting 
and grinding, the fragment of the leaf must have been about 2*5 cm. long. Judging 
from these data, and noting where possible which pair of bundles seem to lie closest 
together, and therefore to have been the last to have branched, the diagram in text- 
fig. 6 was constructed to show the characters of the venation. 

The complete absence of resin ducts makes it improbable that this leaf belonged 
to any of the Conifers, as also does its vascular anatomy. We had therefore to 
compare it with the lower Gymnosperms, but in the extremely close placing of the 
veins it seems to differ from any living species. 

Had this plant occurred in Carboniferous material, its exarch vascular strands, 
specialised bundle sheath, and well developed sclerenchyma supporting and 
alternating with the bundles, would have sufficed to place it with Cordaites without 
any question. But the specimen is from the Upper Cretaceous, so that the problem 
is not easily solved. 

Detailed Description of the Tissues. — The leaf, as can be seen in Phot. 14, 
Plate 3, and text-fig. 7, has a well differentiated upper and lower surface, 
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The Upper Epidermis consists of slightly flattened cells with small lumina, and 
thick outer walls. In several of the sections there is a continuous line just beyond 
the outer thickening, which suggests a separable cuticle, which may have been 
detached during fossilisation. The epidermis layer is continuous, unbroken by stomates, 
glands, or hairs. 

The Palisade Cells are large, oblong cells, stretching across the leaf from one- 
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Text-fig. 5. — Transverse Section of the Leaf, Niponophyllnm, showing the number and position of the 
vascular bundles in a typical section, and also the supra- and interfascicular strands of sclerenchyma 
(shown by shading), x 14. 
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Text-fig. 6. 




Text-fig. 7. 

Text-fig. 6. — Portion of the Surface of Niponophyllum Leaf, constructed from the data found in a series 

of sections, to show the venation, x 2*5. 

Text-fig. 7. — Niponophyllum cordaitiforme, Stopes and Finn. Transverse section of a portion of a leaf 

showing two of the numerous parallel vascular bundles, (cf. text-fig. 5). 

ep., upper epidermis ; p., palisade cells; *c, sclerenchyma bands above and below each vascular bundle; 
sci, interfascicular sclerenchyma strands ; s., isolated stone cells ; os., outer bundle sheath ; ss., inner, 
sclerised, bundle sheath ; %., xylem ; ph., space, sometimes still occupied by phloem ; e., lower epidermis. 
x 180. 

third to nearly one-half of its thickness (see Phot. 14, Plate 3, and text-fig. 7). They 
come immediately under the epidermis between the sclerised patches, which are so 
placed that in most cases two or three palisade cells lie together, between the inter- 
vascular sclerised patches and the supravascular sclerenchyma. 

The rest of the mesophyll is not very well preserved, but where the cells are 
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present they are roundish, and packed together with very few air spaces, and with 
no cells among them which can be recognised as transfusion tissue, nor are the cells 
elongated laterally between the bundles as they are in Cycads. 

The Sclerenchyma is principally developed in supporting bands above and below 
the vascular bundles, as previously mentioned, and in small groups between the 
bundles (sc, see text-fig. 7), but at the edges of the leaf there is a continuous 
layer of sclerised hypoderm, and the actual edge consists of a small group of 
sclerenchyma. 

The cells are small, '02-0 '03 mm., roundish in shape, and with much thickened 
walls which in most cases have contracted away from the middle lamella in the 
process of fossilisation (see text-fig. 7), so that there is a wide zone between the 
thickening and the original wall. 

As well as these regularly disposed sclerised cells there are a few round isolated 
ones, with extremely thick walls, which are found scattered among the mesophyll 
(see s., text-fig. 7). These are reminiscent of the scattered round cells, with much 
swollen walls, which are found in the leaves of some Cycads, and which contain 
a. little tannin in their small lumina. 

The Vascular Bundles are each enclosed in a double sheath of specialised cells. The 
outer cells of the sheath are clear, large, oval cells, 0'05 mm. in diameter, which appear 
to have been thin walled, and with little contents. They join on to the sclerenchyma 
above and below the bundle, and there are usually from three to five such cells 
on either side of the bundle (see os., text-fig. 7). Within them there is a sheath of 
smaller slightly irregular sclerised cells, varying locally from one to two layers. Their 
walls appear distinctly sclerised (see ss., fig. 7, and Phot. 16, Plate 3), but the cells 
are not so large or so thick walled as those of the extrafascicular sclerenchyma groups. 

The Xylem consists of but few cells, grouped irregularly, and not in the radially 
arranged rows common in the higher Gymnosperms, This is seen in Phots. 15 
and 16, Plate 3, and text-fig. 7, x. 9 and in several cases among the series of sections 
the protoxylems can be clearly recognised projecting into the space usually left 
by the decayed phloem. Sometimes only a single cell, slightly isolated from the others, 
projects in this position ; in other cases a group of two or three (see px., Phot. 15, 
Plate 3). Hence the bundle appears to be exarch and the wood entirely centripetal. 
But the number of elements is small, and as there are no longitudinal sections it is 
difficult to determine absolutely whether or not one or two of the small tracheids 
might not be centrifugal. In most of the cases where the protoxylem is recognisable, 
however, there are only two, or even only one element, so that the presumption is 
that the wood is all centripetal. 

As we have not been able to recognise any true centrifugal xylem in any of the 
bundles, it seems as if this fossil leaf differs from the living Cycads, and, according to 
Wieland's description, also from the leaves of Cycadeoidea, where there seems to be 
a considerable quantity of centrifugal xylem. 
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The Phloem is in the majority of cases only represented by a space where the 
tissue has been destroyed, but in a few of the strands, particularly the smaller ones 
near the edge of the leaf, the cells are all preserved. They are not sharply 
differentiated, like those of modern Cycads, and seem to have been rather irregularly 
shaped thin-walled soft tissue with no very salient character. 

Secondary Tissues or Cambium are not apparent in any section. 

Resin Ducts, Secretory Parenchyma, and Transfusion Tissue are also apparently 
absent, as we could not recognise any of them in the material which is sufficiently 
well preserved to lead one to expect to be able to see them had they been there. 

The Lower Epidermis is not so regular and thick walled as the upper, and is 
poorly preserved, though in some sections its outer walls appear to be thickened 
and produced into low papillae. Stomates are not at all well preserved, though it 
is evident in some sections where they were situated. The character of the guard 
cells cannot be recognised. 

Affinities, — The only groups of higher Gymnosperms with which this broad leaf 
offers any comparison are those of the Araucariacece and Podocarpece. The absence 
of resin ducts, and the irregularly grouped arrangement of the wood, which is 
practically all, if not all centripetal, are, however, differences of sufficient systematic 
importance to separate it decidedly from these plants whose leaves always have resin 
ducts, and whose centrifugal wood and phloem are arranged in radial rows. 

Among living plants, therefore, there are none with which to compare it but the 
Cycads, though the fossil differs from them, also. 

The lack of secretory canals separates the fossil from the living genera Dioon, 
Encephalartos, and Stangeria, while the midrib of the living Cycas removes it from 
comparison with the fossil. With all the other five genera there is a certain amount 
of likeness. The absence from the fossil of the elongated cells of transfusion tissue, 
which lie between the bundles of living Cycads, and the practical or entire absence of 
centrifugal wood, are points of distinct importance. 

We are aware how the different species of the same genus of Cycads vary in detail, 
and though we have examined representatives of all the genera, we have not been 
able to obtain material of more than one or two species of each, so cannot feel certain 
that some one or other of the living forms may not come closer to the fossil than those 
we have seen, 

So far as we can judge, Microcycas seems to come nearer to it in internal structure 
than the other genera, both in its outer bundle sheath, the groups of sclerenchyma 
between the bundles, and the well developed palisade. The possibility of connection 
between this Cretaceous form and Microcycas is of interest when we remember the 
discovery by Caldwell (1906) of the numerous sperms in the pollen tube, and other 
features which indicate that Microcycas is the most primitive genus of Cycads in one 
direction. 

Niponophyllum differs from the living Cycads in other points, as well as the absence 
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of transfusion tissue and centrifugal wood. The bundle-sheath is much more distinct 
and better differentiated in the fossil than in the living forms ; the veins of the fossil, 
too, are very numerous, and lie very close together. In most Cycads there are 
far fewer veins, even in broader leaves, and they are placed at greater distances from 
each other, while in the narrow leaves comparable to the fossil, there are half a dozen 
or a dozen veins in the same width in which the fossil has twenty or thirty. In the 
fossil the veins are about 0*3 mm. apart, in living Cycads they average 0*6 to 1 mm., 
and sometimes considerably more. Wieland (1906) does not mention this point in 
describing the leaves of Cycadeoidea, but from his photographs of the leaf structure 
(see p. 83) w^e can estimate them to be 0*14 mm. or even less apart. As regards 
Cordaites, Stopbs (1903) states that the veins of C principalis are 0*45 mm. 
apar u. 

Among impressions of fossil Cycadean leaves, we have found none corresponding 
exactly to the fossil. In all cases in the specimens and figures we have examined 
the veining is much coarser and resembles more that of living Cycads. It is, of 
course, very possible that in impressions the very delicate veining might not have been 
preserved. 

Although none among foliage impressions entirely coincides with this fossil, 
Podozamites seems to come nearer to it than do the rest. As seen in our small 
fragment (text-fig. 6), the veins remain almost parallel to the edge of the leaf and to 
each other, much as they do in Podozamites, thus differing from Zamites, in which the 
coarser veins begin to go out to the edge quite near the base of the leaf, and run 
parallel only in the middle portion. Otozamites, Dictyozamites, and others, with their 
various types of venation, are quite out of consideration in comparison with 
Niponophyllum. We assume, while comparing with Podozamites, that our leaf is a 
pinnule of a compound leaf, which is a very reasonable supposition. It is equally 
possible, however, that it may be a simple leaf, which was attached to the branch 
directly, as was the case in Cordaites. 

The most natural assumption is that it is the pinnule of a compound "Cycad" 
leaf. In which case it is with Cycadeoidea, as described by Wieland, that we find 
a closer agreement in structure than with other Cycadean types. The upper figure 
in Wieland's (1906, fig. 45, p. 83) photograph of the tissues of Cycadeoidea ingens 
leaf shows an outer sheath joining on to the supravascular bands of sclerenchyma 
which much resembles that in our fossil. But in his diagram 4, on p. 88, the 
character of the sheath cells is not brought out, nor does he state in his description 
whether or not the inner sheath cells (which he describes as small celled on p. 92) 
have thickened walls. This point we noted in our fossil (see text-fig. 7, ss.), because 
in this feature it is more precisely differentiated than in the Cycads where the sheath 
is irregular, and it agrees almost exactly with Cordaites (see Stopes (1903), fig. 5, ss.). 
Unfortunately, we have neither oblique nor longitudinal sections of Niponophyllum, so 
that there is no indication whatever of the nature of the pitting of these walls, and we 
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cannot tell whether or not they are provided with bordered pits as they are in 
Cordaites. 

To return to the comparison with Cycadeoidea, Wieland describes the wood of 
the bundle as (p. 92) " of mesarch, collateral structure, without radial arrangement of 
either xylem or phloem/' and in his diagram 4, p. 88, shows an undifferentiated mass 
of about 25 wood cells, in the centre of which he says the protoxylem lies. In this 
respect, then, the fossil Niponophyllum differs from the Cycadeoidean as well as from 
the modern Cycadean type, for the number of wood elements is very small, generally 
less than a dozen, and there is little or no centrifugal wood. This is the case in the 
majority of species of Cordaites, while in modern Cycads the centrifugal wood tends 
to die out in the finer branches. 

The presence of interfascicular sclerenchyma is noted by Fritsch (1903), as being 
a character which is sometimes of generic value. It is worth comparing this point, 
therefore, in the genera nearest to the new fossil. In Cycadeoidea, according to 
Wieland's photos (p. 83), and to his description, " a layer of hypodermal sclerenchyma, 
several cells thick, opposite to the bundles, but diminishing to a single cell in thickness 
between them" (p. 92), represents the sclerenchymatous system of the leaf. This is 
similar to the case in many of the living Cycads. In Niponophyllum, there is no 
regular hypoderm, except at the edges of the leaf, and the sclerenchyma comes above 
and below the bundles, and also in definite interfascicular groups (see text-fig. 7). 
Such an arrangement is also found in Cordaites, where it is a characteristic feature of 
several of the species. Among living Cycads there is a weakly developed condition 
of the same thing in Microcycas, which has already been noted as showing a certain 
similarity to Niponophyllum. 

Generally speaking, in those cases which we have observed it appears as though the 
Cycadean foliage has either a continuous band of sclerised hypoderm, or, as in the 
case of Bowenia, only a sclerised epidermis, or else no hypoderm, and interfascicular 
groups of sclerenchyma. Cycadeoidea and the majority of Cycads belong to the first 
type, and Niponophyllum, Cordaites, and some of the Cycads, to the second. 

The consideration of the apparent absence of transfusion tissue in the leaf of 
Niponophyllum led to some observations which seem to have a bearing on the whole 
question of transfusion tissue in Cycads. Wieland mentions, in describing 
Cycadeoidea, rather doubtful cells of possible transfusion tissue which extend from the 
lower side of the bundle. These cells are not differentiated in the photos or diagram 
of the leaf, and were we to judge from the photos alone we should feel justified in 
stating that the elongated, horizontally extended cells running between the bundles 
in so characteristic a fashion in modern Cycads (see Worsdell, 1897) are not present in 
Cycadeoidea, One of us (M. C. S.) was privileged to see Dr. Wieland's specimens at 
Yale University, and could not detect any undeniable transfusion cells in the actual 
slides. In this respect Zamiophyllum resembles Cycadeoidea, and both differ from 
modern Cycads and from Cordaites, 
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The venation in all the genera, however, is simply parallel, with no cross connecting 
branches, so that one would expect transfusion tissue to be present in all of them, for, 
as Wobsdell (1897, p. 304) says : " In all these plants (speaking of Gymnosperms and 
specially of Cycads) there is an entire absence of the complex, reticulate system of 
conducting tissue, such as is met with in Dicotyledonous plants # .... In order 
to compensate, therefore, for the lack of an efficient conducting system in the leaf, 
recourse has been had to the development of these peculiar tracheids now known as 
' transfusion tissue ' . \ . . In the pinnae of all other (other than Cycas and 
Stangeria with their special venation) Cycads, and in Podocarpus Nageia, R. Br., 
Dammara, and Araucaria, among Conifers, a system of parallel venation prevails, 
and here transfusion tissue is markedly developed/' 

Hence we considered the absence of transfusion tissue in Zamiophyllum and 
Cycadeoidea as a point worth noting, and for the sake of comparison we measured 
a number of the elongated transfusion cells of several genera of living Cycads, as well 
as the spaces between their bundles. Between the very closely placed veins of 
Cycadeoidea we found that there is not room for a single one, and in Niponophyllum 
not quite room for two of the elongated cells such as lie between the widely spaced 
Cycadean veins. We note, however, that there are not wanting living Cycads which 
have widely spaced veins, and which, notwithstanding, lack specially elongated 
transfusion cells, as in some species of Dioon and Bowenia, though it appears to be 
generally assumed that all Cycads have transfusion tissue. We examined the case 
of Bowenia carefully, and noted that the whole leaf is little differentiated and appears 
to consist of rather thin-walled cells. The lack of specialised tranfusion tissue in 
Bovienia may be correlated with the undifferentiated character of the whole leaf, 
which, consisting almost entirely of soft parenchyma, would facilitate the transmission 
of water in any direction. Microcycas, on the other hand, which is quite xerophytic 
in its organisation, though having an actual space between its veins only one- 
third of that between the veins of Bowenia, yet has the longest and most differentiated 
transfusion cells of any we measured. It is possible, therefore, that the absence of 
transfusion tissue in the fossils may be considered a specific character, as in the case of 
Bowenia ; but as they are so much more like the xerophytic Microcycas in their 
organisation, it seems very probable that it depended on the closeness of the veins, 
which made the system of conducting tissue more efficient. It remains a fact that 
the closeness of the veins in Cycadeoidea and Niponophyllum (to a less extent), 
makes it a physical impossibility for such elongated cells as the true Cycadean 
transfusion tissue to be present between the bundles, while the closeness of the veins 
may remove the physiological necessity for them. 

In conclusion, Zamiophyllum seems to lie somewhere between Cordaites and 

* The veining of Monocotyledons is more comparable, as it is parallel, and in them there is a fine 
cross network of veins between the main ones, which makes the conducting system efficient. Note by 
M. C. S. and K. F. 
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Cycadeoidea in its anatomy, with a closer similarity to the former than to the latter 
if we compare the whole Cordaites leaf with our blade. If it proves that 
Zamiophyllum has compound leaves its external morphology will be, with its 
parallel dichotomising veins, entirely Cycadean. 

That leaves which remind one so much of Cordaites should have persisted to the 
Upper Cretaceous is a point of considerable interest. M. Zeillee (1907) has 
recognised the possibility that some of the impressions known as Yuccites, and others 
in the Lower Mesozoic, may have really belonged to the Cordaitese, but no anatomy 
has been described for such forms. Was the plant to which our leaf belonged a 
primitive type of Cycad, or perchance a belated, small-leaved Cordaites surviving in 
this island of the Orient, just as the truly archaic Ginkgo survived to the present 
geological epoch ? 

Diagnosis : — 

Nipokophyllum, gen. nov. 

Veins of the leaf parallel, very fine and numerous, little branched. Resin ducts 
absent. Wood in the vascular bundles nearly all centripetal, the cells irregularly 
grouped. Bundle sheath very well differentiated, and of a double nature. No 
elongated transfusion tissue between the bundles. 

N. COKDAITIFORME, sp. nov. 

Leaf about 9 mm. in the widest part. Veins 21 to 33 in number, about 0*3 mm. 
apart. The veins of the leaf slightly inrolled. Sclerenchyma wedges above and below 
the bundle, and also between the bundles on the upper side. Palisade layer well 
developed. Stomates only on the lower side. 

Upper Cretaceous, Hokkaido, Japan. 

Yezonia vulgaris. 

(Text-figs. 8, 9, 10, and 11 ; Phots. 5, 6, 7, 8, Plate 2, and 9, Plate 3, and 19, 

Plate 4.) 

This plant appears to have had the most numerous representatives in the flora 
we are describing, judging from its relative frequence in the nodules. We have 
stems of three sizes, leafy twigs with their leaves attached, in both longitudinal 
and transverse sections, and innumerable scraps of leaves and stems in many nodules. 
The most important series of sections is one through a stem with secondary wood, 
and with its leaf bases attached. This is cut in slides, 6 H 1 to 6 H 10, which contain 
practically nothing but this stem. In the large nodule, 1 B, are numerous other 
plants, as well as three stems of Yezonia^ which are cut in transverse or oblique 
section, as well as several leafy twigs in all the sections from the block. In the 
large nodule, 4 Q, in which there are innumerable fragments of other plants, there is 
a noticeable longitudinal section through a leafy twig of Yezonia iii slide 4 Q 22. A 
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large proportion of all the slides from this material also contain some portions of this 
plant. 

The plant is a Gymnosperm with small adpressed leaves, which in external 
appearance must have been not unlike those of a present-day member of the 
Cupressinese, but the young leafy twigs were unbranched for a greater length than is 
common in the present types. 

Detailed Description of the Fossil: the Axis. — In its primary condition the axis, 









Text-fig. 8. Text-fig. 9. 

Text-fig. 8. — Part of a Longitudinal Section through a long Foliage Twig of Yezonia, to show the form 

of the small adpressed leaves. (Drawn in outline from a section.) 

Text-fig. 9. — Diagrams through the Stem of Yezonia. These w r ere drawn from a series of sections, with 
the camera lucida. The thick lines indicate the position and extent of the " thick-walled " wood, and 
the finer lines that of the " thin-walled " wood. The thick short lines abutting on the pith indicate 
the primary wood, which is thick walled. 

or perhaps we should say the small leaf-bearing axis, has a ring of separate vascular 
bundles round a wide pith, with a considerable zone of cortex. Allowing for 
crushing of the plant previous to fossilisation, there seems to be no doubt that this 
axis was somewhat flattened. In the older stems the flattening seems to continue, 
and the primary bundles remain distinct, but outside them a zone of normal secondary 
tissues forms a complete, somewhat flattened cylinder. These secondary tissues 
consist of what appear to be thin-walled elements, with zones of thick-walled 
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elements of the same diameter, and lying on the same radius with perfect regularity, 
but the patches of thick- walled elements seem to lie among the thin-walled wood, 
according to no visible plan. As can be seen in the text-diagrams, there is a 
tendency for the former to lie rather on one side of the axis, but this is not at 
all universal, as is seen by a comparison of text-fig. 9, D. The principal stems are 
shown in diagrams in text-figs. 9 and 10, which illustrate the general aspect of the 
woody cylinder of this plant, as it changes from section to section in a series. 

Outside the wood the cortex and leaf bases are hardly to be separated from each 
other, and even in the largest stem we have the leaf bases seem to have been 
persistent, and to have remained physiologically active, as their stomates and other 
tissues are still present. The size of the largest stem, which is a little incomplete 
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Text-fig. 10. — Diagrams through another stem of Yezonia constructed as in text-fig. 9. 

and somewhat oblique, seems to have been about 1 cm. by 6 mm. Very near to it 
is a smaller stem, which may have branched from it, but there is no evidence of this 
in the sections. In fact, though so many specimens are in our hands, we have none 
which shows evidence of branching, though in one case there is a longitudinal section 
of a twig nearly 3 cm. long, and it should certainly have shown it, therefore, had 
branching been at all frequent. In one slide there is a half- circle of bundles, in what 
might be a leaf base, or might be a branch. These bundles, however, are not to be 
seen in either of the neighbouring slides of the series, so that if they had been those 
of a branch, it must have left the main axis at a very high angle. 

Young Stem. — There is only one section of an unthickened axis, that in slide 1 G 9. 

In the unthickened axis the only point to be noticed is the vascular tissue, the 
rest of its structure seems to be identical with that of the older stems, 
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Round the pith, in which lie numerous groups of sclerenchymatous cells, is a ring 
of bundles, each separated widely from the other in most cases. There are 16 
or 17 bundles, though it is impossible to be sure of the exact number, as one or 
two of them seem to run together. An average bundle consists of about 25 wood 
elements of small size, with one or two protoxylem elements at the innermost side of 
the bundle, and the metaxylem forming slightly irregular radial rows. Behind this 
a blackened structureless patch, which was evidently the phloem. There is no sign 





B. 
Text-fig. 11. 

A. Diagram of leaf base of Yezonia, attached to the axis, scl., sclerised nests in ground tissue; g., secretory 

passages; v.b., vascular bundles; tr., zone of transfusion tissue; p., palisade layers; sc, strands of 
hypodermic sclerenchyma ; si, stomates, alternating with the latter. 

B. Diagram of free part of leaf of Yezonia, lettering as in A. 

of cambium. In this stem there is no indication of the irregularity which comes with 
the secondary wood. 

The leafy twigs cut in longitudinal section are often very long and slender ; for 
instance, one twig 3 cm. long is only 1 mm. to 2 mm. in diameter, including the leaf 
bases. 

Stem with Secondary Wood. — The Pith is somewhat oval in outline, in most 
sections a little crushed, but not materially so in those shown in text-figs, Its 
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oval shape was natural and not due to crushing. The individual cells are large, 
0*06 mm. in diameter, roundish, somewhat irregular, fitting together so as to leave 
but few air spaces between them (see Phot. 5, Plate 2). In the midst of these 
parenchymatous cells are several irregular groups of thickly sclerised elements 
(see Phot. 5, Plate 2). In transverse section they are round, or very irregular 
in outline, and so thickened as to have very small lumina ; in longitudinal sections 
the cells are more irregular, with somewhat pointed ends. 

The Protoxylems are endarch, and lie at the points of the bays of primary wood 
(see px., Phots. 5 and 6, Plate 2). In oblique section they can be recognised by their 
spiral and annular thickenings. 

The Primary Wood does not form such definite bundles as were noted in the young 
stem, but lies somewhat irregularly distributed all round the pith (see w., Phot. 6, 
Plate 2). We have no longitudinal section which shows the type of markings on the 
wall, but judging from the leaf traces, the primary wood has scalariform thickenings 
or very small pits. 

The Secondary Wood forms a complete, flattened cylinder. It is very uneven in 
its thickness, in one place consisting of about 30 radial rows of cells, and at opposite 
sides of the same stem of about 10. Furthermore, the elements, although of the 
same shape and size, differ considerably in the thickness of their walls, some being 
very thick walled, and others quite thin. This can be seen in Phots. 5, 6, and 7, 
Plate 2, where kw. is the thick-walled wood and tw. the thin-walled. This irregularity 
does not appear to depend on petrifaction, as the tissues are all well preserved in the 
plant, although it is not impossible that, owing to some difference in the chemical 
composition of the walls, the apparent thinness may be due to some change 
previous to petrifaction. In many sections the thin-walled elements are somewhat 
crushed owing to their delicacy, but in some cases, as is shown in Phot. 7, the thin 
elements are not disturbed, and follow in normal radial rows directly after thick- 
walled elements. This is seen in Phot. 7, Plate 2, under the high power, and 
illustrates at the same time the similarity in size and shape between the two kinds 
of cells, and the difference in the thickness of their walls. Pound bordered pits can 
be seen in one or two cases in oblique sections on the walls, both of the thick- and of 
the thin-walled elements. They are placed in a single row, and are not close 
together. Judging from the difficulty we had in finding any pits in the wood, they 
were not very numerous. 

The relative disposal of the thick- and the thin-walled elements in this secondary 
tissue is a peculiar feature of the stem. It is illustrated in the series of diagrams 
A to E, text-figs. 9 and 10, where the outlines are drawn by camera lucida. In 
some places in these figures the thin- walled tissue appears a little narrower than 
it probably was during life, as it is somewhat crushed, but even allowing for this, a 
very considerable irregularity remains. In this series of diagrams it will be noticed 
how the main bays of thick- walled tissue are not found in any constant position, but 
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that, judging from the series of consecutive sections, A to E , fig. 9, and the second 
series, A to d, fig. 10, tends to be on one side or the other of the stem axis. 
The minor irregular patches of thick-walled elements seem to be quite inconstant. 
The condition seen in text- fig. 10, b, is frequently found, and in block 1 B there are 
several sections where the double curve of thick secondary wood alone is preserved, 
and can be recognised lying in the matrix without any other tissue of the plant. 

There is no sign of annual rings of the usual type nor of wood parenchyma, 
the secondary wood being like that of a Cryptomeria, for example, one solid mass 
of tracheids. 

The Medullary Rays are not numerous or large, and consist of single rows of small 
cells. These are seen in oblique section to be but one cell high in general, a few 
only being two cells in height. We could see no clear case of pitting in their radial 
walls. 

The Cambium and Phloem, which presumably lie in the crushed region just 
outside the wood, are too poorly preserved to call for description. Sclerised cells are 
apparently absent from the phloem, for it is likely that they would have been 
preserved had they been present. 

The Leaf Traces do not appear to come off very regularly. So far as we could 
judge from the evidence at our disposal, two or more leaf traces come off from the 
main axis and enter each leaf base, there subdividing and ramifying in several 
directions. Soon after the trace has left the central cylinder it consists of a small, 
fairly compact group of primary wood. This leaves a region in the main axis 
without primary wood for a vertical distance of about 6 mm. As the leaf trace 
goes further out it spreads laterally, and soon divides into two or three portions. In 
none of the leaf traces have any secondary elements been recognised, even in those 
quite near the main axis, and it is probable that the traces consisted entirely ol 
primary wood, though behind the woo4 in some of the bigger traces are a few cells 
which look like soft -walled secondary elements. In each leaf base there are evidences 
of more than one trace, the different strands coming off at slightly different levels 
from the main axis. The numerous resin passages do not seem to lie in any 
particular connection with the leaf traces. 

The Cortex, — No line can be drawn between the cortex and the leaf bases which 
enclose the stem. Phot. 8 shows the appearance of the tissues outside the main 
axis, which are composed of large, irregular, but closely packed parenchyma cells, 
mixed with which are stone cells similar to those in the pith. There are also 
numerous large resin passages which may bend irregularly in the tissue. In the 
older stems some of the resin passages are surrounded by a zone of thin-walled cells 
suggesting cambium, or a corky abscission layer (see l. y Phot. 19, Plate 4) round the 
resin canal. In some cases the canal contains only a structureless mass, presumably 
resin, while in others it is filled with cells which seem to be breaking down. We 
did not observe any of these canals with the epithelial lining layer which is usual in 
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the higher Gymnosperms. The stem was entirely clothed with leaf bases, and 
consequently has no periderm or epidermis of its own. 

The Leaves. — The leaves were small and Cupressoid in appearance (see text-figs. 8 
and 11), with a very broad base which enclosed one-half to one-third of the stem. 
The free part was thick, roughly ellipsoid in section, and relatively small and short 
in comparison with the adherent portion of the leaf. The leaves seem to have 
persisted for some time at any rate, for in the largest stem we have they persist, and 
are locally provided with thin layers of cork. That the leaves must grow con- 
siderably during their life is evident from the relatively great size of those round the 
larger stems as compared with those on the small twigs. Their phyllotaxy was not 
exactly determinable, but seems to have been a close spiral. 

The Epidermis consists of small cells with thickened outer walls and no noteworthy 
character. 

The Stomates lie only in the epidermis of the lower side of the leaf. So far we 
have observed none on the upper side, although this is the protected one and the 
lower surface is the exposed one, owing to the Cupressoid form of the foliage. At 
the very base of the leaf the stomates seem to be almost entirely absent, but over 
the rest of its under "surface they are numerous. They are placed in rows, 
alternating with the sclerenchyma patches, as is seen in the transverse sections in 
text-fig. 11, A, St., and in surface view in Phot. 9, Elate 3. They are numerous and 
often well preserved, and are cut in a variety of different directions, showing that 
the form of their guard cells is that typical of normal Gymnosperms (see Porsch, 1905) 
and are but slightly sunk. 

Sclerenchyma groups lie below the epidermis only on the lower side of the leaf, 
as can be seen in Photos 8, Plate 2, and text-fig. 11. The individual cells are 
small, very thick walled, fairly regular sclerenchyma of the kind which frequently 
forms hypodermal thickening in living plants. This hypodermal sclerenchyma differs 
from the patches of stone cells through the leaf tissues, the latter being much larger 
celled and rather stellate and irregular in form. 

The Ground Tissue of the leaf is not distinctly differentiated into palisade and 
spongy tissue, but consists throughout of rather closely fitting cells with very small 
intercellular spaces. They thus differ from many living leaves of the Cupressoid 
type, in which the intercellular spaces are often very large. The cells on the lower 
side are more or less regularly arranged, and in some cases amount to a distinct 
palisade layer. This is principally to be seen in the smaller leaves of the young 
leafy twigs, for in the broad leaf bases of the older stems the arrangement of the 
cells is not so apparent. Running among the large irregular cells of the general 
mesophyll are numerous resin canals of various sizes, as well as single large cells 
which seem to have contained tannin or some resinous contents. There are also the 
large irregular stone cells, which may lie separately or in groups. In text-fig. 11, scl, 
groups of these cells can be seen. 
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There are also many transfusion tracheids forming groups or zones (Phot. 8, 
Plate 2, tr., and text-fig. 11, a), generally below the lower surface of the leaf. These 
will be considered specially after the vascular system has been described. 

The Vascular System. — As was noted (p. 28), into each leaf base there enter two 
or three leaf traces which have practically no secondary tissue and whose wood is 
entirely centrifugal. In the leaf base proper they branch and divide, apparently 
with considerable irregularity, some strands continuing upwards and some running 
horizontally across the leaf base. This results in a network of vascular strands 
running through the .base of the leaf, the bundles of which are orientated in a variety 
of directions, as can be seen in text-fig. 11, which is somewhat diagrammatic, but 
shows the true relations of the bundles. The three bundles arose from the division 
of a single leaf trace, the others opposite them from a different leaf trace. So far 
as we can judge from the few sections we have showing the detached portion of the 
leaf, the vascular bundles do not extend into it (see text-fig. 11, b). The individual 
bundles in the leaf base seem to retain the structure of the leaf trace bundles, and 
have no special sheath. The phloem is not distinguishable, owing to the crushing, 
but few wood elements with bordered pits were observed in the leaves, the tracheids 
being spiral or scalariform or with small simple pits. The diameter of the tracheids 
is very small, and in most cases their markings are far from distinct. Associated 
with the vascular strands, either running along beside them or appearing at their 
endings, are somewhat irregular scalariform tracheids. 

In addition to these transfusion tissue cells definitely associated with the bundles, 
are groups of large numbers of transfusion tracheids in a more or less definite zone 
in the ground tissue of the larger leaves. This zone of cells can be seen in Phot. 8, tr., 
and text-fig. 11, lying below the palisade-like layer on the underside of the leaf. 
In this position the zone of cells is recognisable in many of the leaves. In some 
cases more or less broken up into separate strands. 

In the free part of the leaf it is not so apparent, and its cells are less typical, but 
groups of the tissue can be recognised at tr. 9 text-fig. 11, B, which seems to be the 
end strands into which the broad zone at the base of the leaf splits up as it 
approaches the tip. 

A diagram of the leaf is given in text-fig. 11, showing the general distribution of all 
the tissues, both in the leaf base a and in the free portion b. This shows clearly 
the distribution of the vascular strands, which alone would seem to be inadequate to 
supply the leaf. As Woesdell (1897) pointed out, transfusion tissue is differentiated 
from the mesophyll of Gymnosperm leaves to supplement the inadequate strand or 
strands. The whole structure of the leaf in Yezonia differs from that in any other 
Gymnosperm, but the physiological explanation of the unusual transfusion tissue is 
probably the same as for the already known types. 

Affinities. — Judged purely from the anatomical peculiarities already described, 
apart from the suspicions we feel as regards its fructification, it is impossible to find 
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any family among Gymnosperms with which we can satisfactorily include this 
plant. That it is a Gymnosperm is proved by the character of the wood of the 
main axis, by the guard cells of the stomates, as well as by a variety of minor 
characters. 

Let us consider one by one the features of this plant which are preserved in our 
material, and the lines of affinity which they severally indicate. 

The pith with its rather large size and sclerised nests is not particularly remark- 
able. In the primary wood the entire absence of centripetal elements is like that 
of the higher Gymnosperms of to-day. The secondary wood (ignoring for the 
moment the irregularity of outline and the thick and thin walled zones, which 
are features peculiar to this fossil) is not Araucarian, because of the single row of 
pits on its walls; nor does it belong to the Pineae in the sense of Jeffrey (1905), 
because of the absence of secretory canals in the wood ; nor to the Taxineao, because 
of the nature of the thickenings on the w^alls of the tracheids and of the nature of 
the medullary rays; but it is like the wood of the Abieteae (in Jeffrey's sense), 
Cupressineae or Taxodineae. The apparent absence of stone cells in the phloem, 
however, cuts it off from several genera of the last. 

In the nature of the secretory passages, in their great numbers, large size, 
irregularity, curving, and branching, Yezonia shows affinity with the Cycads. In all 
the families of the higher Gymnosperms the resin ducts, which are present in the 
leaves and cortex, are definite canals bounded by an epithelial lining, and in the 
leaves they take up definite and symmetrical positions in the tissue, so much so that 
the number and position of the resin ducts is taken as a detail of systematic value. 
In Yezonia, in no case could we observe anything like an epithelial lining in the 
passages, and it is with the irregular mucilage ducts of the Cycads that they can 
alone be compared. 

In the external appearance of the foliage, with its small adpressed leaves, perhaps 
one can see a parallel to the genera of the Taxodineae. Though in this description 
the general aspect of the foliage has been spoken of as Cupressoid, as a descriptive 
term popularly understood. The Cupressineae proper have leaves in alternating 
pairs, which thus differ from those of the fossil, which are arranged in a close 
spiral. Nor is there any indication of anisophylly so commonly seen among the 
Cupressineae. 

In the leaf anatomy we can find no parallel among any known forms. All the 
Gymnosperm leaves, except those of the Araucarieae, Podocarpeae, and the Cycads are 
provided with only a single bundle, or a close pair as in Finns and Sciadopitys. In 
the three former families the bundles are in a row along the lamina, but in the fossil 
we have an irregular scattered arrangement, with strands running in several 
directions, some even horizontally. The only type which reminds one of this 
arrangement at all is that of the Palaeozoic genus Medullosa, though in it the whole 
structure is enormously more complicated and massive. The individual bundles of 
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the leaf in Yezonia differ entirely from those of Medullosa, the slight suggestion of 
similarity lying only in the scattered, irregular arrangement of the bundles, and in 
the way the leaf traces come off from different levels from the main axis to enter the 
leaf base. 

The single bundle of the leaf is quite like that of any of the higher Gymnosperms 
with its small tracheids in more or less compact rows, all entirely centrifugal. The 
absence of all sign of a bundle sheath is unusual, however, for in most Gymnosperms 
bundle sheaths are more or less well developed, and are often very well differentiated. 

The irregular masses of sclerenchyma and the large secretory canals so numerous 
in the leaf are not found in any plant we know. 

The broad zone of transfusion tissue is a development peculiar to this plant. 

We feel justified, therefore, in suggesting a new family of Gymnosperms in the 
coniferae for this plant, the character of the wood taking it out of the Cycads and 
the foliage from Ginkgo. We are of course seriously hampered by the want of the 
reproductive organs. Part of a cone found in the same block, which contains 
several stems of Yezonia 9 may possibly be its fruit (see p. 40). If this should prove 
to be the case, the character of the cone is such as would seem to justify the 
foundation of a new family for the whole plant. 

We have already pointed out the various families with which one or other 
characters of Yezonia may suggest comparison. With so many conflicting characters 
it is not easy to place it in the series of Gymnosperms as a whole, and we feel it 
wiser to reserve our judgment and content ourselves now with merely indicating the 
general synthetic character of the new type. 

Diagnosis : — 

Yezonia, gen. nov. 

Woody stem with secondary thickening. Tracheids with a single row of bordered 
pits, no secretory passages in the wood. Wood with thick- walled and thin-walled 
tracheids on the same radii, zones of secondary wood, very unequal, tending to lie 
on one side of the axis. Leaves closely adpressed, with broad base, short free part, 
and a number of vascular bundles in each leaf. Very numerous, large, irregular 
secretory passages throughout the leaves and cortex. Broad bands of transfusion 
tissue in the leaves. Wood entirely centrifugal in both stem and leaves. Medullary 
rays a single cell broad and one cell high. Branching infrequent. 

Y. vulgaris, sp. nov. 

Axis flattened, pith large, with stone cells. Phloem with no stone cells. Leaf 
bases completely clothing the stem. Stomates in the leaves only on the lower sides, 
alternating with strands of sclerenchyma. Transfusion tissue in the leaves forming 
a broad band on the lower side of the leaves. Vascular bundles of the leaves 
orientated in a variety of directions, and dying out in the free tips of the leaves. 

Upper Cretaceous, Hokkaido, Japan. 
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Yezostrobus Oliveri. 

(Text-figs. 12, 13, and 14 ; fig. 8, Plate 1 ; Phots. 10-13, Plate 3.) 

The slides 1 B 9 to 1 B 16 contain a series of sections through some seeds and 
sporophylls of this fructification. This block is the same as that from which the 
largest stem and many fragments of Yezonia are described, and contains also 
a variety of other plants. The fructification is incomplete, as it is represented only 
by five seeds and their scales, which are so arranged as to suggest that the complete 
fructification was a cone. In other blocks, a few fragments of the stone of the seed 
and more or less imperfect seeds are to be found, which, excepting the seed in 
block 1 Y A, will not be mentioned, beyond noting them as indications that the 
fructifications were fairly common. 

The series in 1 B seem to be cut in an oblique angle through the cone, which 
appears also to have been crushed, so that the seeds and scales are cut in a variety 
of directions. In slide 1 B 14, a large seed attached to its scale is cut in almost 
perfect median longitudinal section. In this the seed is 7 mm. by 3*5 mm. in size. 
The other sections are cut in approximately tangential directions to the supposed 
axis, and show the seed and their scales in transverse oblique sections. Although we 
have not all the necessary data at our disposal, we have therefore enough to estimate 
with some degree of confidence the main features of the cone. 

Form of Cone. — The way the seeds and scales lie closely fitting together, the edges 
of the scales overlapping, indicates that we have to deal with a portion of a cone. 
There is none of the axis present, but it would have lain in the direction X in 
Phot. 10, Plate 3. The seed in Phot. 10 being in nearly median longitudinal section, 
shows that the cone could not have been much less than 25 mm. in diameter, 
supposing, which is natural, that the cone were symmetrically radial. 

The number of seeds on a scale is not determinable with positive certainty, but all 
the sections, both longitudinal and transverse, have only one seed to each scale, with 
no indication of a second, or even the place where a second might have been. In the 
longitudinal section the seed seems to lie in the middle of a fairly symmetrical scale. 
Although there is no indication of a second scale or ligule, it is not impossible that 
there may have been some small structure either at the base or the apex of the scale 
which escaped the sections. The diagram in the text-fig. 13 shows the seed and scale 
in what seems to be the true relation where a single seed lies in a median position on 
the scale. 

The Seed. — Most of the sections are cut in rather oblique directions, but the 
longitudinal section passes through the vascular strand at the base of the seed, and 
also through the lower part of the micropylar canal, so that it barely misses being in 
a perfectly median direction. This section shows very clearly the most interesting 
feature of the* seed, namely, that the nucellus and integument are not fused at all, 
but that the nucellus stands up freely in a space within the integument (see Phot. 11, 
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Text-fig. 12. Text-fig. 14. 

Text-fig. 12. — Yezostrdbus Oliveri, Stopes and Fujii. Transverse Section of Internal Part of the Seed. 
if, Inner flesh of the integument ; ei., epidermis of the inner flesh of integument ; sp., space between the 

integument and the nucellus ; en., epidermis of the nucellus ; n., cells of the nucellus ; s., space caused 

by decay and contraction of tissues ; m., wall of macrospore. 

Text-fig. 14. — Transverse Sketch of Seed of Yezostrdbus. 
of, Fragment of the outer flesh remaining attached to sL, the stone ; i.f, the inner fleshy layers ; sp., space 

between the epidermis of the inner flesh and the nucellus ; n., the nucellus. 




Epidermis of nucellus. 
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Text-fig. 13. — Diagram of the Seed of Yezostrdbus. This is partially restored. The micropyle is not 
given at the apex, as there is not evidence enough to determine its appearance, x 11. 
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Plate 3, and text-fig. 12). Both the outer limit of the soft tissues of the integu- 
mentary " inner flesh " and of the nucellus are bounded by a well-defined, 
well-preserved epidermis layer. In this, our only longitudinal section, there is 
no sign of a pollen chamber, but, as can be seen in Phot. 12, Plate 3, the nucellus 
and endosperm project upwards into the base of the micropylar canal. This suggests 
two alternative possibilities for the structure of this region of the seed, the relative 
merits of which we cannot actually determine until we have more specimens. They 
are : either that the seed had passed the stage of pollination and that the growing 
tissues of the endosperm had crushed back the pollen chamber, which was presumably 
small, and are filling the whole available space in the integument ; or, on the other 
hand, that the apical portion of the seed had a beak-like conical projection, within 
which lay the pollen chamber, which would be presumably rather small. If the seed 
were cut slightly obliquely, the section would escape such a pollen chamber and yet 
give an appearance of cutting the base of the micropyle ; such a section, in fact, as the 
one we have. 

The Nucellus. — In nearly all sections some of the cells of the nucellar tissue are 
preserved, and several specimens show a fine, large-celled tissue, instead of the 
crushed black line that so often represents the nucellus in fossil seeds. Something of 
this can be recognised in Phot. 11, Plate 3, but the detailed drawings in fig. 8, 
Plate 1, and text-fig. 12. show it more clearly. The best preserved part of the 
nucellus is the epidermis, which covers it entirely down to the base, where leaving 
about 2 mm. of the nucellus in contact with the soft tissues of the inner flesh, it is 
continuous with the epidermis of the latter. The cells are shown in longitudinal 
direction in fig. 8, Plate 1, where they are seen to be rather long, about 0*08 mm. by 
0*02 mm., arranged with their long axes in the same direction as the long axis of 
the seed. 

In transverse section these cells form a fairly regular skin of squarish cells with 
somewhat rounded corners, about 0*02 mm. in diameter. This layer is shown in 
text-fig. 1%, en., lying closer to the epidermis of the inner flesh than is usual. This 
figure illustrates the similarity of these cells to the epidermis of the inner flesh. 

Careful search has been made for vascular strands or tracheids in the tissues of the 
nucellus. As the nucellus stood free within the integument they would appear to be 
almost a physiological necessity ; while, further, one would expect them from analogy 
with the known types of Palaeozoic seeds (cf. Stephanospermum (Oliver, 1904), for 
example), in which the nucellus stood free from the integument, and is invested with 
a number of tracheids. In none of the sections were we able to see any elements 
which were so preserved as to be clearly recognised as tracheids or vascular elements. 
Had they been present in numbers, some must surely have been petrified in a seed 
where much more delicate tissues are preserved and where the tracheids at the base 
of the seed are quite well preserved. Within the tissues of the nucellus, and 
contracted away from it, lies the macrospore wall (see m., text-fig. 12, and Phot. 10, 

f 2 
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Plate 3) ; a brown, prominent membrane, much corrugated. It .is, in general, an 
opaque, structureless mass, but in a few places there are suggestions of pits in surface 
view, which one can presume (see Thomson, 1905) were all over the membrane when it 
was living; from comparison with living forms, Dr. Thomson's remark (p. 49), on 
concluding a short review of fossil seeds — " It is thus evident that, in these fossil seeds, 
the more primitive, Palaeozoic forms, have a much more prominent megaspore coat than 
the specialised and more recent Mesozoic ones, in which even the occurrence of a coat 
does not seem to have been demonstrated with certainty " — must now be modified. 
The membrane of the megaspore of this Mesozoic seed is entirely as pronounced as 
that of the Palaeozoic forms. As Dr. Thomson remarks, the Mesozoic seeds hitherto 
known belong practically entirely to the Bennettitales, which we must recognise as 
very peculiar and standing rather apart from the other Gymnosperms he describes. 
We would suggest that when further specimens of Gymnospermie seeds are known 
from the Mesozoic, they may prove to have more or less thick membranes, as is the 
case in this specimen. 

Within the membrane, but not filling it, in several seeds are a few cells which are 
undoubtedly Endosperm. This tissue is unfortunately very imperfect. It lies 
toward the apex of the nucellus, and where the cells are present at all they are only 
moderately preserved. The endosperm appears to have consisted of closely packed, 
undifferentiated parenchyma cells, 0*04 mm. in diameter. There is no indication of 
either embryo or archegonia/ x " 

The Integument. — This is composed of three clearly defined and differentiated 
layers, inuch as in the case of the living Cycads (see Stopes, 1904). The outer fleshy 
layer is confluent with the sporophyll, and, as is seen in Phot. 10, Plate 3, it is not 
possible to draw any line of actual demarcation between them at the base of the seed. 
The stone layer is continuous round the base of the seed, and within it is the inner 
flesh which, in the oblique transverse section in slide 1 Y A, is seen to consist of 
several layers of thin-walled cells (see text-fig. 14). 

The innermost layer of the integument is entirely soft celled, and the cells are 
rather long (see fig. 8, Plate 1) in the longitudinal direction of the seed. The layer 
is somewhat crushed in most sections, but in 1 Y A the cells are seen in transverse 
section with apparently no crushing, and seem to have been squarish or irregular in 
shape, and to have fitted into each other to form a closely packed, undifferentiated 
soft tissue. This is bounded on the inner side by a well-defined epidermis, seen in 
longitudinal section in fig. 8, Plate 1, and in transverse section in text-fig. 12. As 
in the case of the nucellar epidermis, the cells are much elongated in the longitudinal 



* 



We saw in the endosperm tissue several appearances simulating some stages of karyokinesis. Owing 
to the fine granulation and crystallisation of the fossil matrix and other points, there is grave danger in 
accepting them as true fossil mitosis. Their position in the endosperm cells, however, makes it not 
impossible that they were really of that nature, and we see no argument against the view that petrified 
mitosis is perfectly possible. . 
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direction of the seed, and squarish or round in transverse section. Their walls are 
thicker and darker than those of the general tissue of the inner flesh. No tracheal 
tissues were recognisable in the inner flesh except at the base of the seed. 

The stone consists of very thick walled cells running in several directions 
throughout the layer, as is seen in fig. 8, Plate 1, and Phot. st. 11, Plate 3. There 
seem to be no definite zones of transversely and longitudinally running elements as 
are commonly found in the living Cycads (Stopes, 1904, p. 444). and as Scott and 
Maslen, 1907, p. 109, describe for the Palaeozoic Trigonocarpus. 

The stone as a whole is about 0*5 mm. thick, and is continuous and fairly uniform 
all round the seed except at the micropylar aperture. There appear to be no ridges 
or locally thickened regions such as are usual in Cycads and in the Palaeozoic types. 
The cells have an approximately circular outline when cut transversely, and have 
such thickened walls as to have very small lumina. In longitudinal direction they 
are long and somewhat irregular, and often show very beautifully the fine pit canals 
connecting cell with cell. The pitting and form of these cells is shown in fig. 9, 
Plate 1, which also illustrates the irregular mixture of transversely and longitudinally 
running elements. A few cells with blackened contents such as are seen in fig. 9, &., 
are scattered through the stone, but chiefly lie toward the outside, where they may 
mingle more or less irregularly with the outer flesh. At the apex of the seed there 
are more such cells than usual, and a few run nearly parallel to the micropyle. 

The sarcotesta, or outer flesh, is composed of large, loosely packed cells, mixed 
with which run many elements with opaque brown contents which are suggestive of 
tannin cells. The tissue can be seen in text-fig. 14, of. 9 which shows its extent and 
nature towards the base of the seed. Further up the seed it is thinner, but in that 
region the layer is not perfectly preserved in any section. Outside the large soft- 
celled tissue of the flesh is a layer of fine elongated sclerenchyma cells which 
presumably lay under the epidermis. The latter is not quite determinable, although 
a thin crushed row of cells, to be seen in one or two places, may be epidermal. 

In the layers of the outer flesh run a number of small vascular bundles, whose 
number is not quite certain. They do not cause any modification of the ground 
tissue in their region, having neither bundle sheaths, transfusion tissue, nor 
secretory canals associated with them so far as can be judged from the specimens we 
have. 

The Vascular System. — There is evidence of a double vascular system in this seed, 
viz., a series of bundles in the outer flesh, and some tracheids in the inner flesh. 
Notwithstanding the fact that the nucellus stood free from the integument down to 
the base, there is no clear evidence of tracheal tissue in its layers. It is very 
probable, however, that there may have been a nucellar series of bundles, and their 
apparent absence in this plant may be due to a fault in the preservation. 

The bundles in the integument do not show to advantage in the sections, and, 
indeed, can only be seen here and there. Apparently both the inner and outer 
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series sprang from a strand entering the base of the seed from the scale, but the 
evidence of the origin of the outer series is not complete, and it is very possible that, 
as in the case of modern Cycads, one or more additional branches from the sporophyll 
supplemented the one branch definitely destined for the base of the seed. 

In the inner flesh the vascular tissue at the base of the seed can be seen at £., 
Phot. 11, Plate 3. The diagram, text-fig. 13, is drawn only in outline, and shows 
the vascular strand coming toward the seed, and the tracheids inside the stone at the 
base of the inner flesh. 

The bundles of the outer flesh can be seen in several sections, and in one section 
four distinct bundles lie in a little over one-third the circumference of the seed, so that 
presumably there were about a dozen strands altogether in the outer flesh. These 
bundles lie close to the stony layers, as is usual in living Cycads. They seem to have 
no special sheath or transfusion tracheids, and are just small groups of wood elements 
(which seem to be scalariform in longitudinal section) without any well-defined 
protoxylem (see Phot. 13, Plate 3). 

The Scale. — The general character of the scale can be seen in Phot. 10, Plate 3, 
and text-fig. 13. The tissues of the middle and basal part of the scale are loosely 
built and large celled, with many brown cells which probably contained tannin. 
Between these scale tissues and the outer flesh no line of demarcation can be drawn. 
In the scale itself a few large, irregular stone cells, with very thickened walls are 
scattered through the tissues. The lower surface of the scale is bounded by an 
epidermis in which lie numerous stoma ta (see text-fig. 13). These alternate with 
hypodermic sclerenchyma patches. In some of the specimens a cork-like formation 
has arisen in several places owing to wounds, but in another, and apparently older 
cone of the same species, there is a thick cork layer continuous round the upper 
(i.e. inner and protected) part of the scale, and the protected part of the lower 
surface where the hypodermic sclerenchyma patches are not developed, which cork 
layer appears to be normal. 

The vascular tissue is scattered throughout the scale, apparently in a very 
irregular manner, sometimes groups of two or three or even only one tracheid lying 
in the ground tissue. These elements are scalariform, many of them of rather 
irregular form, and much like transfusion tracheids. A stout strand of such elements 
runs right to the edge of the scale, accompanied by some long and narrow tracheids 
(see diagram in text-fig. 13). Toward the lower side of the scale run a number of 
strands of pitted and reticulated transfusion tissue which form a zone below^ the 
palisade layers. 

The bundles are not definitely orientated, and though some elements are narrower 
than others it is difficult to locate any protoxylem. There is no evidence of true 
phloem, though a few small soft cells lie with the tracheids in the larger strands. 
There is no bundle sheath or accompanying secretory canal, and there seems to have 
been no secondary tissue, so that the strands are very simple. 
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The vascular bundle going to the base of the seed is only recognisable in 
longitudinal sections (see text-fig. 13), and it seems in no way different from the 
larger scale strands. 

General Character of the Seed. — The most interesting feature of the seed is the 
clear evidence that it shows that the nucellus was free right to the base. Although 
this character seems to have existed in several Palaeozoic seeds (see Oliver, 1904, and 
Scott and Maslen, 1907), it is much more clearly preserved in the present fossil. The 
general structure of the seed, with its massive, three-layered integument, is quite like 
the Cycadian type. At the same time these seeds are borne singly on scale-like 
sporophylls and in cones. Taking into consideration the character of the integument 
and the free nucellus, the organisation of this seed seems to be more like that of the 
Palaeozoic form Trigonocarpus than any other individual seed. It lacks the 
characteristic ridges of the latter, and indeed there is no close or direct connection 
suggested between them. There is some resemblance also to the Araucarias, with 
a single seed on a scale, though here the massive complexity of the fossil separates 
the two. 

If one considers the integument alone, it is seen to resemble entirely that of the 
modern Cycads (cf. Stopes, 1904, fig. l), except that the stone seems to have had no 
ridges at all, though it is not impossible that there were small ridges at the apex 
which have escaped the sections at present available. 

As regards the pollen chamber, it only appears evident that the pollen chamber 
could not have been of a large size like those of Stephanospermum and other 
Palaeozoic types. 

There is no evidence of a separation layer at the base of the seed, and the tissues 
appear moderately mature ; but it might not have been quite ripe, so that we cannot 
tell whether or not it was separated from the scale, or whether the cone itself broke 
up into separate scales as it ripened. 

Affinities. — The structure of this cone is, without question, different from that of 
any living genus. It is difficult to say whether it can be justly included in any 
living family. 

The general organisation of the seed itself, apart from the free nucellus, is so 
similar to that of the Cycads as to suggest direct connection with them. Taking 
the free nucellus into account, Trigonocarpus seems to come closer to the fossil form 
we are now describing than any other described form. These not impossible lines of 
affinity are complicated by the fact that the seeds were borne singly on scale-like 
sporophylls which were united to form a cone. The scale appears to have been 
a simple one, not like that in Araucaria, where there is a ligule, and, further, the 
relation of seed and scale is not like that in Araucaria. 

As there is no family, either recent or fossil, in which we can include this 
fructification, we feel that we are not going too far in founding a new family for the 
plant, which would be among the simplest Coniferae. Of course, the vegetative 
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characters should be taken into account in taking such a step, but unfortunately 
there are none in organic connection with the cone. Owing to certain suspicions, 
founded on what seems good evidence, we incline to believe that the vegetative 
organs also had unique features. 

Possible Vegetative Organs. — We have no trace of the axis of the cone or of 
vegetative parts in organic continuity with the cone, nor has it any very distinctive 
feature, such as peculiar hairs or glands, which would make the identification of its 
parts absolutely certain. There are, however, the following good grounds for 
suspecting that Yezonia is the vegetative part of the plant. 

The grounds are : — A, Association ; B, points of structural similarity. 

Association. — As was noted (p. 23), Yezonia is the commonest plant of the flora 
we are now describing. This seed (or fractions of it) is also the commonest fructifi- 
cation. Further, it is in block 1 B, in which there are three distinct stems of Yezonia 
and numerous leafy twigs of the same plant, that the cone with the principal seeds lies. 

Points of Structural Similarity. — These lie in the scale as compared with the foliage 
leaf. Compare the surface of the leaf in diagram 11 with that of the scale in text- 
fig. 13. They have an almost identical similarity in the arrangement of stomates and 
alternating hypodermic sclerenchyma strands on the lower side of the scale and leaf. 
In the histology of the assimilating layers of the leaf and scale; in the sclerenchyma cells ; 
in the stomates ; in the large irregular stone cells, of which there are a few in the cone 
scales and many in the leaf ; in the irregular secretory passages without epithelial 
lining, of which there are few in the scale and many in the leaf; in the presence of 
scattered irregular vascular strands in each case ; and in the presence of a large 
quantity of transfusion elements there is complete detailed similarity between the 
tissues of the leaf and of the scale. For these reasons we think it very possible that 
the two parts really form one plant, which in that case, having both its vegetative 
and reproductive parts of a new type, would entirely justify the foundation of a new 
family to include it. 

Diagnosis : — 

Yezostkobus, gen. nov. 

A cone, presumably radially symmetrical, with scales and seeds attached. The 
cone scales simple, without ligule, and with numerous scattered vascular bundles, each 
scale bearing in the middle a single seed. Seed integument massive, with an outer 
flesh, middle stone, and inner flesh. Vascular tissue present in both the outer and 
inner flesh. Nucellus free to the base, with a well-marked epidermis lining the inner 
flesh and the outside of the nucellus. Pollen chamber presumably small. 

Y. Oliveri, sp. nov. 

Cone about 25 mm. in diameter. Seeds 7 mm. X 3| mm., the outer flesh with 
numerous secretory cells. Stone simple, and uniform from base to apex. Epidermal 
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lining of the inner flesh and the nucellus composed of cells elongated in the direction 
of the long axis of the seed. No sharp distinction between the base of the outer flesh 
and the scale. 

Upper Cretaceous, Hokkaido, Japan. 

Araucarioxylon Tankoense. 

(Phots. 17 and 18, Plate 3.) 

Of this species we have one specimen, a small portion of the secondary wood of one 
annual ring. From this transverse sections 1 Y 1 to i Y 8 were cut, and longitudinal 
sections 1 Y 13 and 1 Y 12. The preservation is not very good throughout the tissue, 
and there are a number of bore holes about 5 mm. in diameter which have removed 
the tissue completely, though some regions are excellently petrified (see Phot. 17, 
Plate 3). 

In many of the cells in transverse section the pittings can be well seen in the radial, 
oblique, and sometimes tangential walls, even with the low power. These pittings 
are in two, three, or four rows in each wall, and alone suffice to indicate the nature 
of the wood. They are seen in Phot. 18, Plate 3, as they appear under the high 
power. In the wood there are no resin canals, nor does there appear to be any resin 
parenchyma. * There are numerous black masses filling some of the tracheids and 
medullary cells, which suggest in some cases the possibility of resin-containing cells 
being concealed by them, though none are determinable. The medullary ray cells are 
numerous, and lie between every two or three rows of wood elements. 

The longitudinal sections are so poorly preserved that little can be seen in 
them beyond the pittings on the tracheal walls and the number of the cells in 
the medullary ray. The alternating rows of bordered pits with hexagonal outline 
are perfectly characteristic of Araucarioxylon. The medullary rays seem to be from 
three to six cells in height. 

Affinities. — The character of the tracheids suffices to place this wood in the group 
Araucarioxylon Kraus. The alternating, many rowed, hexagonal bordered pits being 
entirely characteristic, as are the medullary rays and absence of resin ducts, and 
though only part of one annual ring is present, its considerable width is a further 
point of similarity with the type. 

So far as we are aware, this genus has not yet been recorded for Japan, but too 
little of the plant is preserved to allow of a detailed consideration of its habit or close 
affinities. 

The specific name Tankoense is given in honour of the Tanko Kwaisha, in Hokkaido, 
to whose hospitality we owe much while collecting on their ground. 
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Diagnosis : — 

Araucarioxylon Tankoense, sp. nov. 

Annual rings broad. Tracheids square in transverse section, locally slightly 
irregular. Pitting on oblique, radial, .and a few tangential walls. From two to 
five rows of pits in each tracheal wall. Medullary rays single rows, three to six cells 
in height. 

Upper Cretaceous of Hokkaido, Japan. 

Cedroxylon Matsumurce. 

(Fig. 10, Plate 1 ; Phots. 20-23, Plate 4.) 

Of this species we have two small specimens and part of a large trunk. The best 
preserved of these occurred in a small block unassociated with any other plant 
fragments. (See Phot. 20, Plate 4.) 

The secondary wood alone is preserved, and only a small portion of that, viz., 
a compact oblong splint, about half a square inch in section. From this five 
transverse sections, 1 X 1 to 1 X 5, were cut, and from the remaining portion five 
longitudinal sections, lXll to 1X15. As the cells are considerably crushed in 
some cases, the same longitudinal sections show both tangential and radial views of 
the medullary rays. The second specimen is a large trunk, and is not complete, 
showing only secondary wood, bat it indicates that the tree must have been of 
considerable size. The part which is present is 60 cm. in diameter, containing about 
65 annual rings. A small portion of the block was cut in slides, KF 11 K 3-4, from 
which the stem was determined. 

As in all cases there is nothing but secondary wood, it is impossible to form any 
idea of the habit or immediate affinities of the plant. The wood can be placed in 
one of the groups of Gymnosperms known only from their secondary woods, which 
groups, however, are well known to have no true generic value. 

The Annual Rings are clearly marked (see Phot. 20, Plate 4), but are very 
variable in extent. In specimen 10, two adjacent rings contain respectively 
80 and 11 tracheids in the same radius. The average, however, is about 20 or 
25 elements in each radial row. The autumn tracheids are about one-fifth to one-half 
of the diameter of the spring elements, and number four to six in each ring. The 
spring elements are roughly square in section (see Phot. 21, Plate 4). 

The Medullary Rays are numerous and narrow, and the cells composing them are 
not very well preserved. They can be seen in Phot. 23. Sometimes they lie between 
each pair of tracheids, sometimes between four or five wood elements. In transverse 
sections they appear to be only a single row of cells in breadth. In the better 
preserved portions they are so petrified as to give a suggestion of protoplasmic 
contents, and even of nuclei (cf. long, sect., fig. 10, Plate 1). In poorly preserved 
parts they are filled with blackened contents, which cannot, however ? be taken to 
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indicate resin parenchyma, as the tracheids are also . filled with similar carbonised 
masses where their preservation is poor. 

Both in the wood, and so far as we can ascertain from the limited material at our 
disposal, in the medullary rays, all resinous cells are normally absent. 

In Longitudinal Sections of specimen 1 X the pittings on the walls of the tracheids 
are clearly seen. In many cases the pits are in a single row, but there are also 
frequent cases of double rows on the tracheids. in which case they are rather 
irregularly arranged, sometimes opposite and sometimes alternate, but never quite 
confluent (see Phot. 22, Plate 4). The individual pits are round, clearly bordered, 
and apparently with a round, not slit-like, opening, though the fossil is not quite 
well enough preserved to determine this point absolutely. The pits appear to be 
uniform in size, and not so irregular as those described for Cupressinoxylon. The 
tangential view of the medullary rays (Phot. 23, Plate 4) shows that they are one 
cell broad, and average from. 5 to 12 cells in height, though many are more, even 
up to 20. In the radial direction the cells are not differentiated as they are in 
Pinus y but form bands of simple oblong cells. Pittings are suggested in some cell 
walls, and appear to be round pits much of the size of those in the wood. In parts 
of the section where the preservation is particularly good, the appearance of 
protoplasmic contents and nuclei in these cells is very clear (see fig. 10, Plate 1). 
Such may be only a fortuitous chance of preservation, but they may well show 
the real cell contents truly petrified. In either case they are sufficiently rare in all 
but the best preserved material to make them of interest in this wood fragment, 
which, on the whole, is far from well preserved. 

Affinities. — The lack of resin canals in the wood immediately separates the plant 
from the Abietinean type of Pityoxylon, while the pittiilg on the walls separates it 
from Araucarioxylon and from Taxoxylon. There remains then but Cedroxylon 
and Cupressinoxylon, to either of which it might belong. In Schimper and 
Schenk's classification (see Zittel, 1891, p. 862) the chief difference between these 
two types of wood, whose separation is not very distinct, lies in the quantity of 
resin parenchyma : the former containing little or none, and the latter much. As 
we could not detect any resin parenchyma in the fossil, this indicates, that it belongs 
to the Cedroxylon type. Goth an (1905) has pointed out the difficulty that often 
occurs in the separating of these two genera, unless the pitting of the medullary 
rays be taken as an index. Though our fossil is not well enough preserved to show 
this decisively, the round form of the pits agrees with the Cedroxylon type. Further, 
in minor detail it agrees with Cedroxylon in the placing of the pits on the walls of 
the tracheids, and in its broad annual rings. 

Specifically, it appears to be distinct from those hitherto described. The only 
species of this genus which has been described from the Cretaceous of Japan from 
structural material seems to be C incequale, a species with a distinctive character in 
its medullary rays (described by Eeiss, 1907). 

G 2 
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The specific name is given in honour of Prof. Matsumura, in whose department 
most of our work has been done. 

Diagnosis : — 

Cedroxylon Matsumura, sp. nov. 

In the secondary wood the annual rings are well marked, broad, but often very 
irregular. Average size of spring tracheids, 0*04 to 0*05 mm. Autumn wood 
one-fifth to one-half the diameter of the spring tracheids. Tracheids with round 
bordered pits, sometimes in two irregular rows. Resin parenchyma absent. 
Medullary rays single cell row^s, generally 5 to 12 cells in height, but may be as many 
as 20. 

Upper Cretaceous, Hokkaido, Japan. 

Cedroxylon Yendoi. 

(Phots. 24, 25, and 26, Plate 4.) 

Of this species we have one specimen, in a block from Yubari which contains no 
other plant fragments. It is cut transversely in slides 1 ZD 1 to 1 ZDll, and 
longitudinally 1 ZDlD to 1ZD14. The stem is now 5 cm. in diameter, and was 
probably larger, for it is very much bored by marine organisms, and there is no trace 
of bark or cortical tissues. There are 35 clear annual rings, varying somewhat in 
breadth but fairly regular. The stem shows no striking peculiarities, and is 
considered to belong to the genus Cedroxylon on much the same grounds as is the 
previous species. 

There is one noteworthy feature, however, namely, the presence of wound-caused 
resin ducts in the wood. As is well known, one of the principal characters used in 
the determination of the " genus " Cedroxylon among fossil woods is the absence of 
resin ducts in the woody zones. This feature is also, of course, characteristic of the 
living genus Cedrus, but Jeffrey's work on the resin ducts of the living 
Gymnosperms showed that, as a result of wounding, resin ducts are produced in 
genera which are otherwise without them in their secondary wood. This he also 
found to hold good, even for the fossil genus Araucarioxylon, from which is described 
a wounded stem with a row of traumatic resin canals (Hollick and Jeffrey, 1906, 
Plate 5, figs. 5 and 6) in the secondary wood. With these figures of fossil wound- 
caused resin ducts those in our plant agree absolutely. As they are found only here 
and there in the stem, and are not a constant feature of the wood, there seems no 
reason to doubt that they are also the result of injury. Their appearance is shown 
in Phot. 24, Plate 4, in transverse section. 

In the living plants, Jeffrey notes that as well as these vertically running canals 
in the wood, there are a few horizontally running canals following the medullary 
rays. One such case in Cedrus deodara he figures (Jeffrey, 1905, fig. 40, Plate 5) 
in transverse section, showing both vertically and horizontally running canals. 



STKUCTURE AND AFFINITIES OF CRETACEOUS PLANTS. 45 

In our fossil we have not seen the horizontally running canals in transverse 
section, but in a tangential section of the wood a group of several medullary cells 
can be seen in which there are resin ducts, cut in a transverse direction of the ray 
duct in a tangential section of the ray. This is shown in Phot. 25, Plate 4. These 
sections give some indication of an epithelial lining to the resin canal, which is not 
easy to see in transverse sections of those running in the wood because the preserva- 
tion is far from perfect. These seem to be the first recorded traumatic resin canals 
for the genus Cedroxylon. 

As regards the specific determination of this fossil, we rely chiefly on the 
appearance of the tangential longitudinal section through the wood for the grounds 
for separating it from C. Matsumurce. In the former the medullary rays are very 
numerous and generally from 5 to 12 cells and not infrequently as many as 20 or 
more cells in vertical height. While in the present plant some of the medullary 
rays have as many as 8 to 10 cells (see Phot. 26, Plate 4), but they generally average 
from 3 to 5 cells in vertical height. In transverse section the average size of the 
tracheids in this species is also distinctly less than in Matsumurce, while the tracheids 
more commonly have two rows of bordered pits. In this fossil also the annual rings 
are narrower and more regular than in C. Matsumurce. Further, in this fossil we 
have the traumatic resin canals. Though we are well aware that such criteria are 
not very reliable when we cannot be sure that the plants were growing under the 
same conditions ; taken all together they favour the view that the species are distinct. 

We have named the species after Prof Yendo, of Sapporo University, to whom 
both the authors are much indebted for assistance in obtaining material. 

Cunninghamiostrobus yubariensis. 

(Text-figs. 15, 16, and 17 ; Phots. 27-34, Plate 5.) 

The only specimen of this plant we have obtained hitherto is an unattached cone, 
from which the seeds appear to have been shed. The specimen is not complete, and 
was lying in the nodule so that it penetrated the surface obliquely, where the stone 
had been somewhat smoothed by water wear, thus giving an external view similar to 
an impression. This is seen in its natural size in Phot. 27, Plate 5. 

The sections are catalogued as 21 C 1-21 C 4, and include oblique sections of the 
axis, and a number of scales, attached and free, cut in various directions. 

The mature nature of the tissues, the absence of seeds which were presumably 
dehisced, and the open scales, indicate that the cone was ripe before petrifaction and 
that it was not one of those types (like Araucaria and Abies) in which the scales 
fall away from the axis together with the seeds. It appears to have been about 
2 cm. by 3 cm. in size, with an axis of from 4 mm. to 5 mm. in diameter. 

As there is no indication of seed structure except for the rather problematical 
aborted ovules in slide 21 C 2, we have had to depend entirely on the anatomical 
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details of axis and scales for indications of the affinities of the cone. These are, 
fortunately, sufficiently characteristic for apparently sound conclusions to be drawn 
from them. 

The Scales. — An individual scale appears to have measured 9 mm. or 10 mm. 
across from edge to edge of its wing-like expansion, with a central thickness of 
2 mm. which rapidly thinned out laterally. The outline of several scales is shown in 
text-fig. 15, where diagram A is taken from the level at which the seeds appear to 
have been attached. Near the base the scales were less expanded than they were 
further from their attachment to the axis. 

There is no indication whatever of a double scale comparable with that of the 
Abietinese, or of a ligule, other than the irregular pad of tissue which is seen in the 
text-fig. 15, A and b at p., which appears to have extended some distance across the 
scale when but a little further from the axis, and to have formed a low outgrowth on 
the upper surface. The edge of this is seen cut slightly obliquely at e. in c, which 
should be compared with the diagram of a section of the living Cunninghamia shown 
in text-fig. 15, d. The general external appearance of the individual scale was 
therefore in all probability not unlike those of recent Cunninghamia, though the 
latter are slightly larger and more fleshy, while the former had more strengthening 
tissue and were more pointed at the apex. Phot. 29, Plate 5, shows an actual scale 
of the fossil. 

The Epidermis of the scale, though not perfectly preserved in every case, is 
sufficiently well l^epresented to show that it surrounded the entire scale except on the 
irregular part of the pad (p. in B, text-fig. 15, and Phot. 29, Plate 5), where presumably 
the seed was attached. The cells were small, regular, and provided with a thick 
outer wall. 

The Hypoderm was somewhat irregular, usually consisting of two rows of 
elongated, sclerised cells, with small lumina on the lower surface of the scale, and of a 
single layer of more rounded cells below the upper epidermis (see h. y Phot. 28, Plate 5). 

Stomates were present in large numbers in parts of the scales, particularly the 
central region of the expansion, where they were crowded in bands alternating with 
the sclerised hypoderm. They were sunken, and of normal Gymnosperm type, 
opening into the soft mesophyll, which in their neighbourhood replaces the sclerised 
cells lying elsewhere below the epidermis. 

The Ground Tissue of the scales consisted of roundish, thin- walled cells, among 
which were scattered a few isolated sclerenchyma cells, and through which a 
number of 

Resin Ducts were scattered. These were naturally irregularly arranged, but the 
larger ones tended to form a single row across the scale, and toward the base 
of the scale, where there was the single large vascular strand, there was a main 
duct just below it, as is the case also in the living Cunninghamia (see diagrams in 
text-figs. 15 and 16, </., and Phot. 30, Plate 5). 
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The vascular supply of the scale entered as a single strand of remarkably large size 
(see diagram text-fig. 15, B, v.). The bundle was normally orientated, with the 
protoxylem on the upper surface. This is indicated by the position of the cambium 
and the form of the medullary rays and the bundle in general, as no actual 
protoxylems are recognisable. The large bundle broadens laterally, and partially 




Text-fig. 15. — A, b, and c, Diagrams of the Cone Scales of Cunninghamiostrobus. d, Diagram of Cone 

Scale of living Cunninghamia for comparison. 
v., vascular strand; g., secretory canals; jp., pad of tissue on which the seeds are situated; e,, edge of the 

pad or ligule-like extension. 




Text-fig. 16. — Cone Scales. A, Gunninghamiosirobus ; b, Living Cunninghamia. 
g. t secretory passages ; v., vascular strand of the scale, from which s. goes out to the ovule. 

divides, travelling thus for some distance up the scale, when it divides and subdivides 
into a series of bundles, all normally orientated, which runs across the scale (see 
fig. 15, c, and Phot. 28, Plate 5). There were no irregularly orientated, reversed, or 
circular bundles such as are found in the Araucariew (see Seward and Ford, 1905) 
and the Abietinece, In one scale only was there a small strand associated with the 
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main bundle, very close to the protoxylems (see Phot. 30, s. 9 and text-fig. 16, s.). This 
occurs just about the level where the seeds were presumably attached, and was in all 
probability the strand going out to supply an ovule. The diagram of Cunninghamia 
(text-fig. 16, b), shows a similar condition, though the branch strand is relatively 
larger than in the fossil. In the living plant three strands run off in this manner, one 
to each ovule, but in many of the sections one strand only is cut in this position, as 
they come off at slightly different levels. Consequently the fact that only one branch 
strand has been observed in the fossil cone has no weight in favour of the view that 
there might have been only one seed to each scale. 

Between the bundles which form a series across the distal end of the scale are 
groups of connecting transfusion tissue (see Phot. 28, Plate 5, t.) 9 which both as to 
size, form, and position are paralleled in Cunninghamia, These cells in the fossil 
show round, apparently bordered, pits, in some cases, and in others a large irregu- 
larly meshed network thickening (see Phot. 31, Plate 5). In all the bundles there is 
almost no trace of phloem, though there are a few soft crushed cells behind a 
cambium-like zone that indicate that at least a few such cells existed. The mass of 
the bundle consisted of closely-packed, thick-walled tracheids of small size, as can be 
seen in Phot. 33, v. 

The attachment of the seeds to the scale was, without doubt, in the region of the 
pad of tissue previously mentioned (p., text-fig. 15) ; here the epidermis and sclerised 
hypoderm stop short, and its irregular surface seems to lie limited by a zone of much- 
crushed cells, which are very thin walled and devoid of contents, suggesting a corky 
separation layer. They are not very well preserved, however, and in these cases there 
is nothing to indicate the number of seeds which belonged to each. The only suggestion 
afforded by the fossil (apart from the analogy with Cunninghamia which it presents) 
as to the number of seeds lies in the problematical structures at the apex, which are 
very like aborted ovules at the tip of the cone. These are seen in Phot. 32, Plate 5, 
and there the likeness to ovules which have been cut in oblique tangential section is 
apparent. In this figure a and &, which are distinct protuberances, are attached in a 
central position on the upper part of the scale. At c the scale shows an irregularity 
which may be a very tangential section of a third ovule. 

In Phot. 33, Plate 5, is a high-power illustration of the supposed ovule a, which 
shows the character and arrangement of the cells composing it. These resemble more 
closely those found in a tangential section of an ovule than they do the mesophyll 
tissue of a scale. The general tissues of this scale are not so mature and hardened, 
nor is there the same development of vascular tissues as in the ripe scales from which 
the seeds have fallen ; facts which support the view that the structures under 
discussion are aborted organs. Such aborted ovules not infrequently occur at the 
tips of living cones, so that it is natural enough that they should be found in fossil 
material. 

While from their somewhat problematical nature these structures do not determine 
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the question of the number of seeds borne by each scale, yet they are not at variance 
with, and indeed rather lend additional support to, the view that the number was 
three, or at any rate not less than two. 

The Axis. — There is but one section of the axis, 21 C 1, which is cut obliquely. 
The diameter of the vascular tissue is about 2 mm., of which the pith occupies about 
one-half ; the cortical tissues are too poorly preserved to be accurately estimated. 
The woody tissue is cut very obliquely, and there are several strands going out to 
the scales, which are cut in different directions. 

The Pith, about 1 mm. in diameter, consists of a homogeneous mass of rather large 
roundish cells, closely packed so as to leave practically no intercellular spaces. These 
cells extend for some distance into the primary medullary rays, which are broad at 
their commencement. 

The Protoxylems, of which ten groups can be recognised, are cut so obliquely as to 
show their spiral thickenings. There appears to have been about half a dozen or 
more cells in each group. 

The Secondary Wood is small celled, but though cut obliquely there are no walls 
which show any pittings. This is due to the preservation, which is poor, but on the 
branch bundle going out to a scale a few of the tracheids have round bordered pits 
in a single row, placed at some distance from each other. 

The Medullary Rays are broad in contact with the pith, but soon narrow down to 
a single row, usually one, two, or three cells in height, as is seen in longitudinal 
tangential sections of strands going off to the scales. 

Cambium and Phloem are too poorly preserved to be recognised, except outside 
one strand, which is cut nearly transversely, and where they are very crushed. 

The Scale Bundles going off from the main axis carry a group of protoxlyem and a 
large fan of secondary tissue. One of these is seen in transverse section in Phot. 34, 
plate 5. Set at this level the wood, though radiating from the protoxylem in the 
normal direction, forms an almost circular mass, which spreads out and becomes oval 
as it enters the scale, where it runs undivided for some distance. 

The Cortex consists of tissue like that forming the groundwork of the scales, with 
the addition of a much larger proportion of the large isolated sclerenchyma cells, 
which are like those in the living C Konishii. There are numerous big resin ducts 
which break up the tissues considerably. The limit between scale and cortex is not 
defined at all clearly. 

Morphology. — In the description of the fossil, reference has been made to the 
likeness between it and the genus Cunninghamia, particularly in the character of the 
scales. This is self-evident from the diagrams shown in text-figs. 15 and 16. To 
enter into a full consideration of the morphological value of the fossil scales would 
therefore entail a consideration of those of Cunninghamia also, which we are not 
prepared to do in this place. There are, however, one or two points which may be 
noted. To make the form of the fossil scales clear we must consider them in radial 

vol. cci. — b. 274. H 
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section. In text-fig. 15, c and d, the pad of tissue previously mentioned is' shown as 
it appears in sections cut transversely across the scale, that is, in a tangential direction 
as regards the whole cone. They are cut in that very narrow region where the flap 
of tissue is developed, and as a result it appears to have a far greater importance in 
relation to the whole scale than it has in actual fact. In a view of the surface of the 
whole scale, the flap would he seen to be actually a very small structure which lies 

only in the immediate region of the attachment of the 
seeds. As Cunninghamia is not a very accessible genus, 
and we know of no such figure in the literature, a radial 
section of the scale showing the true relation of scale and 
flap and the position of the vascular strands may be useful 
(see text-fig. 17). This diagram represents also the 
essentials in the fossil scale. 

Sachs, and later Etchler, have described the case in 
Cunninghamia^ stating that a single bundle enters the 
scale and that three small bundles pass off from it with 
inverted orientation, one to each ovule; thus considering 
that no inner scale is present, and there is but a single leaf 
with the small transverse ridge as a ligule. 

The Araucarias (Eichler, in Engler's ' Pflanzenfamilien,' 
speaking of the Taxodinese, says : " Diese Gruppe ist nicht 
sehr naturlich, und bietet durch Vermittelung von 




Text-fig. 1 7. — Longitudinal 
Diagram of Scale Arrange- 
ment in Cunninghamia, 
Compare the parts with 
the transverse section. 

v., vascular strand; s., small 
strand going off to the 
ovule ; p., pad on which 
ovules lie ; e., edge of pad ; 
#., secretory canals. 



Cunninghamia Uebergange zu den Araucariinee ") have an 
elaborate scale anatomy with numerous strands in inverted 
orientation (see Seward and Ford, ? 05, p. 363). Notwith- 
standing this vascular complexity, Sew arp and Ford lean 
towards describing them as " simple structures homologous 
with leaves" (p. 355). In Cunninghamia and our new 
genus, which we are calling Cunninghamiostrobus, the scale 
anatomy is much simpler, having only one row of normally 
orientated bundles with very small strands going out to the ovules, and hence there 
seems even more justification for a direct and simple description. 

Affinities. — The simple nature of the individual scales, the large single bundle at 
their attachment, which bundle breaks up into a row of normally orientated strands, 
were data sufficient for the separation of this cone from both the AraucariecB and the 
AbietinecB, with either of which it might be compared as regards its external features. 
The internal anatomy, however, is a sure guide, and after examining the cones 
and the literature relating to them — of the other possible genera of Gymnosperms — 
it became evident that the likeness between the fossil and the genus Cunninghamia 
(until recently considered monotypic) was considerable. The lack of information 
regarding the seeds and vegetative parts of the fossil makes it impossible to speak 
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decisively, but as the scales and axes agree so closely, it seems natural to conclude 
that the genera must stand very near to each other, hence the name 
Cunninghamiostro bus. 

The recently described second species of Cunninghamia, C Konishii, was examined, 
from which we were fortunate enough to be able to make sections, as Dr. Hay ata, 
who originally described the plant, very kindly placed a dried cone scale at our 
disposal. In size and general appearance, when in section, this appears remarkably 
similar to the fossil, though the scale, as a whole, is smaller and blunter. In 
the tissues of the scale of C Konishii are many large round sclerised cells like 
those noted in the fossil cortex and at the base of the fossil scales, while there is 
also a sclerised hypoderm all round the scale which is not unlike that in the fossil. 
C. sinensis scales, on the other hand, are larger and fleshier, and have not these 
sclerised tissues so much developed. The entire cone of C. Konishii is smaller than 
that of the fossil, while that of C sinensis is larger. 

Among structurally preserved fossils, so far as we are aware, no specimens of this 
affinity have ever been described, but the general appearance of the cone, as seen in 
Phot. 27, is such that it is not unlikely that some of the impressions known as 
Sequoia, for example, may in reality be those of Cunninghamiostrobus. In Heer's 
paper on the Cretaceous flora of the Arctic, a number of impressions of " Sequoia " are 
figured, several of which are very like our Phot. 29 (see Heer, 1874). 

Fossil fragments described as belonging to the family of Cunninghamia consist 
only of twigs with some remains of foliage attached. Of these several species have 
been described from the Upper Cretaceous of various parts of Europe. What 
relation these fossils bear to the cone just described it is difficult to say, for not only 
is there the natural uncertainty of connection between a fossil cone known by its 
anatomical structure and foliage impressions found in another continent, but there 
is added to it the unsatisfactory nature of the foliage impressions themselves, which 
seem in most cases to lack the reliable characters of the leaves of the living form. 
While all the leaf and stem impressions are of such a fragmentary and rather 
uncertain nature, Cunninghamiostrobus offers really reliable evidence in the detailed 
structure of its fructification that plants related to Cunninghamia were living in 
the Cretaceous period. 

The fact that the living genus Cunninghamia was only known to have one species 
for so long and now has but two, both growing in restricted areas, is in itself 
highly suggestive of either the antiquity or the extreme youth of the genus. The 
discovery of the fossil cone in the Cretaceous, so closely resembling that of the living 
species in its anatomical structure, rather favours the view of the antiquity of its origin. 

Diagnosis : — 

Cunninghamiostrobus, gen. nov. 

Cone scales and axis in anatomical essentials like those of the living genus 
Cunninghamia. 

H 2 
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CuNNINGHAMIOSmOBTTS YUBARIENSTS, Sp. X10V. 

Cone intermediate in size between Cunninghamia sinensis and C. Konishii. 
Scales less pointed than in the former. In general shape more like C. sinensis than 
C. Konishii. Vascular strand of the scale very large and ovular strand small. Large 
resin ducts constantly associated with the vascular strand. Hypoderm well 
developed. Large isolated sclerenchymatous cells, few in number. 

Upper Cretaceous from Hokkaido, Japan. 



Cryptomeriopsis antiqua. 

(Fig. 11, Plate 1 ; Phots. 35-41, Plate 6 ; and text-fig. 18.) 

Three blocks have yielded specimens of this plant, two from nodules found within 
a few yards of each other near Ikushimbets, and the third from a nodule in 

the river exposure of Mo-Yubari. The slides 
catalogued as 21 A 7 to 21 A 12 are cut trans- 
versely through an axis with a considerable amount 
of secondary wood and with several leaf bases 
attached. The slides 21B4 to 21B10 contain 
a series of oblique sections through an axis of 
about the same size as that in 21 A, to which 
are attached a number of leaves, the section also 
cutting other leaves which obviously belong to 
the same twig (see text-fig. 18). Slides 4ZA1 
and 2 contain two small leaves cut transversely 
and one cut obliquely, but they are of special 
interest because their external appearance was 
seen before the sections were cut. The nodule 
had been split, and one surface showed the rough 
cross section of two diamond shaped leaves, and 
at the edge a minute fragment of a third, which 
was seen in surface view on the adjacent face, 
lying at right angles to the first. This block, as 
it was before cutting, is illustrated in fig. 11, 
Plate 1, where s is the first face, with I the two 
leaves in section and L the leaf seen on face s at 
right angles to s. Fortunately just sufficient of 
leaf L appeared in transverse section to prove its identity with the leaves I which 
are in turn identical with those in the other two blocks attached to the axes. 

We have, therefore, from this plant : the stem in transverse and oblique sections, 
leaves attached to the stem cut in both transverse, oblique, and longitudinal 




Text-fig. 18.— Oblique Section of the 
Axis of Cryptomeriopsis, with leaves 
attached and lying near it. 

w., Wood of axis; v., bundle of leaf; 
G., central large duct of leaf ; g., the two 
lateral canals, one on each side of G. 
x 5. 
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directions, as well as others cut from the middle and the tip of the leaf, and the 
external appearance of a leaf. 

The twigs were thickly clothed with leaves which were attached directly to the 
axis by their broad bases. There is not enough evidence from the fossils to 
determine the phyllotaxis, but it must have been a high one, and the twigs must 
have had a brush-like appearance, externally like a small leaved Araucaria, 
Cryptomeria Japonica, or the newly described genus Taiivania, Its > leaves are 
rather more massive at the base than those of these living plants. 

The Axis. — The wood of the axis is about 1'5 mm. in diameter; the large 
size of the closely arranged leaf bases prevents an estimation of the true cortical 
extension. The secondary tissues are well developed, but there is no sign of an 
annual ring. 

The tissues are fairly well but not perfectly preserved, owing partly to the ravages 
of a fungus whose hyphse are seen in many of the cells of the plant. 

The Pith consists of homogeneous, roundish cells, closely packed so as to leave only 
small intercellular spaces (see Phot. 35, Plate 6). Some of the cells are filled with a 
clear brown mass which appears to have been of a resinous nature, while others are 
suggestive of thick- walled stone cells, not very favourably preserved. 

The Protoxylems can be recognised in from eight to ten groups in each section. In 
those cut obliquely the narrow elements show spiral thickening. A whole protoxylem 
group moves outwards to supply the leaf. 

The Secondary Wood consists of uniform elements of small diameter. There is no 
sign of an annual ring in either of the specimens. In oblique sections, large, round, 
bordered pits are clearly recognisable in single rows on the radial walls ; the sections 
do not make it clear whether or not pits are also present on the tangential walls. 

The Medullary Rays are broad in contact with the pith, and soon narrow down to 
a single row of cells. In oblique sections of the axis they can be seen in tangential 
section, and consist in most cases of a single row of cells, one cell high, though a few 
are two cells in height (see Phot. 36, Plate 6, which shows a tangential view of the 
wood from an obliquely cut section). 

The medullary rays can also be seen in radial view, where in one or two places 
their pits are visible. These are round or slightly oval, lying a little obliquely. As 
the nature of the pitting on the medullary rays is a point on which some weight has 
been laid (see Gothan, 1905) we compared those of the fossil with pits in the same 
position in Cryptomeria, and found them to be of the same type. The character of 
the wood and the tracheal pittings made it clear that there could be no close affinity 
between this fossil and Araucaria, though there was the external similarity of foliage. 
Hence we compared the details of the wood with those of Cryptomeria and Taiwania, 
to which there was also a close similarity. The comparison showed that in its axial 
characters the fossil came closer to Cryptomeria than to the other genus, though 
differing from it slightly, as will be mentioned later. 
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The Cambium zone is normal in position and structure, and can be recognised 
outside the wood in several places (see c, Phot. 37, Plate 6). 

The Phloem lies outside the cambium and can be seen in parts of the stem which 
are well preserved, see Phot. 37, Plate 6. The radiating rows of secondary phloem 
elements consist of fairly large clear cells, presumably sieve tubes, though they cannot 
be identified exactly in the oblique sections, and others with contents some of which 
are of smaller size. Outside the secondary phloem on the same radius as the 
protoxylem group can be seen a number of more crushed elements which are 
presumably the protophloem. There appear to be no sclerised elements in the phloem, 
or directly outside it, nor are there resin ducts. The lack of sclerised cells in the zone 
of secondary phloem is a point in which the fossil differs from the living Cryptomeria, 
where there are frequent thick-walled cells alternating on the same radius with the 
sieve tubes and forming very definite concentric rings, and still more from Taiwania* 
where even in very small twigs the secondary phloem zone is conspicuously large and 
the sclerised elements alternate with great regularity with the soft tissue. In the 
fossil one or two cells were observed which might have been thick walled, 
but they were of a doubtful nature, and in most cases the radii of phloem were 
clearly soft walled and rather less in extent than in corresponding twigs in the 
living genera. 

Leaf Traces. — A. group of protoxylem moves out through the secondary wood to 
supply each leaf. One can be seen in Phot. 35, /.£., Plate 6, on its way out. The 
trace enters the leaf undivided. 

The Leaves. — The leaves were simple pointed structures, diamond shaped in cross 
section, as is seen on the diagrams in text-fig. 18, and Phot. 38, Plate 6, and were 
sessile, with no differentiation of a special base. The leaf base is almost as great as 
the whole diameter of the axis. The external appearance of the leaf, as is seen in 
fig. 11, Plate 1 (magnified by two diameters), is quite similar to that of a pressed 
specimen of Cryptomeria, Taiwania, or Araucaria. The shape of the leaf in 
transverse section is seen in text-fig. 18 and Phot. 38, Plate 6. There is considerable 
variety among the different leaf sections owing to the slightly varying directions in 
which the sections were cut, and also to the fact that at the base the leaves appear to 
have been more grooved (see Phot. 38), while they became more smoothly oval at the 
tip (see Phot. 39). 

The Epidermis cells are, like those of normal Gymnosperms, small celled with thick 
outer walls. 

The Stomates are particularly well preserved and numerous. In surface view they 
are seen in a number of leaves which are cut slightly obliquely. They are of the 

* The anatomy of Taiwania, except for a few details of the leaf, is as yet undescribed. The kindness 
of Dr. Hayata, its discoverer, put us in possession of some material, from which we cut sections for our 
comparison with the fossil. Taiwania (see Hayata, 1907) belongs to the Taxodihese, and comes near to 
Cryptomeria in several respects, and to Cunninghamia in others. 
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normal Gymnosperm type, slightly sunk (though less so than in Pinus) and with the 
guard cells placed at an angle (see Porsch, 1905, where attention is drawn to the 
phylogenetic value of this character). In Phot. 38, Plate 6, slight indications of the 
stomates are to be seen at a in the photo. They lie, therefore, on each side of the leaf, 
a point which has a certain systematic importance. The number of stomates on the 
morphologically upper surface of the leaf, as determined by its anatomy, seems generally 
to exceed that on the lower side. This may be the result of the position of the leaf, 
which seems to have stood up, somewhat curved towards the axis ; hence the upper 
side would have been slightly the more protected one. The section in Phot. 38, 
showing the stomates on the four sides, is from the basal portion of the leaf, while in 
those from the apical part (see Phot. 39) we have not observed any stomates on the 
lower side though they are to be seen on the upper surface. In this distribution of 
their stomates the fossil and the living Cryptomeria agree. 

The Hypoderm is a fairly uniform single row of cells under the epidermis. They are 
well sclerised, and approximately circular in section. Naturally the layer is 
interrupted by the stomates. The ground tissue of the leaves is not quite so well 
preserved as we could wish. This is possibly due to the fungus already mentioned as 
infesting the stem, and which is found in nearly every leaf. Phot. 38, Plate 6, shows 
the general type of preservation of the assimilatory tissues. Isolated portions of leaves 
here and there prove that the outer cells were closely packed though the cells were 
hardly so elongated as in typical palisade tissue, while the inner tissue was loosely 
built of irregular elongated cells between which were large air spaces, as is also the 
case in the leaves of living Cryptomeria and Araucaria.. 

The Resin Ducts. — Throughout the length of the leaf nearly to its tip run three 
resin ducts. The central one is of large size (see G, Phot. 38, Plate 6), lying 
immediately beneath the single vascular strand, which sometimes curves to partly 
enclose it with its lateral wings of transfusion tissue. On either side of the central 
canal lie two lateral ducts of smaller size, g. of text-fig. 18 and Phot. 38, Plate 6, 
which constantly accompany the main duct until toward the tip of the leaf, when 
they die out, and leave only the single central resin duct as is seen at G, Phot. 39, 
Plate 6. In some sections, otherwise apparently transverse, the lateral ducts appear 
to be slightly elongated in section, but this is not a constant feature, and in many 
leaves they appear quite round, 

In comparison with the living Cryptomeria, the central duct is larger and the 
lateral ones placed nearer to it. In the living genus, as in the fossil, the lateral ones 
often die out about midway up the leaf. 

In the number and arrangement of its resin ducts the fossil agrees with 
Cryptomeria, and is unlike the other genera hitherto mentioned as being similar to 
it in other respects. The small-leaved Araucarias we examined had eight or nine 
ducts arranged round the leaf, while Taiwania has only one from base to tip, which 
is large and takes a central position. In the fossil in most cases the lining epithelium 
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of the duct is not preserved, but in Phot. 40, Plate 6, e., this may be seen, though 
not in a perfect condition. 

The Vascular Bundle runs simply up the leaf in a central position above the large 
resin duct, and without lateral division. Almost immediately on its entry into the 
leaf base it spreads laterally and forms a very narrow extended band of vascular 
tissue (see Phot. 40, v., Plate 6). So far as we can ascertain, no secondary tissue is 
developed in the leaf, and the wood consists of a number of very small elements 
irregularly arranged and mixed with a few parenchyma cells. The strand gets 
smaller further up the leaf, and at the tip is reduced to a group of but two or three 
cells. The most noticeable feature of the bundle is the quantity of transfusion tissue 
which is constantly found on either side, see Phot. 40, Plate 6, tr. These cells are 
large and somewhat irregular in shape, and their markings vary from pitting to 
scalariform banding. An illustration of part of a mass of these tracheids is seen in 
oblique section, where their pitted walls can be clearly recognised (see Phot. 41, 
Plate 6). The elements lying laterally are large, and gradually get smaller as they 
approach the true wood of the bundle, with which they merge almost imperceptibly. 

A definitely organised bundle sheath or endodermis is not recognisable, though, as 
can be seen in Phot. 38, Plate 6, there is, round the vascular strand, a more compactly 
arranged, roundish- celled tissue than that which forms the general mesophyll of 
the leaf. 

We must now compare the bundle characters of this leaf with those of the other 
plants previously mentioned as being possible living allies. The small leaved 
Araucaria is unlike the fossil in having three separate small strands in each leaflet. 
This, combined with the essential difference in the tracheal pitting in the axis in the 
two plants and the number of resin ducts in the leaves, is sufficient to separate them 
definitely. Cryptomeria has a single strand running through the leaf. The vascular 
elements, however, are more definitely grouped in radial rows, and form an almost 
circular bundle, while the quantity of transfusion tissue in all the leaves we have 
examined is small, and not at all on the same scale as in the fossil. Thus with 
Cryptomeria the essentials are similar, viz., a single small strand with transfusion 
tissue and an ill-defined bundle sheath, so that the fossil might well be an allied 
species. Though the shape of the leaf (the fossil " diamond" extended laterally, and 
the Cryptomeria diamond extended vertically as regards the vascular axis), the 
difference in the placing of the vascular elements, and the great difference in the 
quantity of transfusion tissue are sufficient to indicate that it might be that 
of a closely allied but distinct genus. We therefore turned to Taiwania (see 
footnote, p. 54). Dr. Hayata (Hayata, 1907) has described shortly the structure of 
the leaf, which in many points seemed, from his description, to come very close to the 
fossil (see his fig. 14, Plate 1). The sections of Taiwania which we ourselves cut, 
however, revealed a curious and interesting character of the leaf which had escaped 
Dr. Hayata's notice. It is only towards the tip of the leaf that it has a single 
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bundle such as he describes. We found that three distinct strands enter the 
leaf base : first two, which place themselves one on each side laterally of the central 
large resin duct, and then at a slightly higher level a third comes out from the axis 
and places itself medianly above the duct. Later, the three fuse and form the single 
bundle which Dr. Hayata describes. Hence we are left with Cryptomeria among 
living plants as the nearest parallel to the fossil, though they do not coincide 
absolutely. 

As the twigs are but one year old it is impossible to be certain whether 
the whole tree bore only such leaves. It might have been the case that in the older 
branches leaves of two types, or even dwarf shoots, developed. Judging, however, 
from the close similarity in the axis and the essential features of the leaves of the 
fossil with Cryptomeria, it does not seem likely that there was any but the type of 
foliage borne on the twigs we have. The decurrent base of the leaf seems to suggest 
that the leaves were not deciduous, and as a consequence effete twigs fell off with 
their leaves attached as in Cryptomeria, Taxodium, and other genera now living. 

Affinity. — Notwithstanding the similarity of this fossil to Cryptomeria, we do not 
forget the fact that no final decision can be reached from stems and leaves alone. 
The leaves are not identical with those of Cryptomeria, in the shape of both leaf and 
vascular bundle, and in the large quantity of transfusion tissue, the fossil differs from 
Cryptomeria, while in the living plant the lateral resin ducts die out more rapidly 
than they do in the fossil, while the axis, though very similar, differs in the fossil, 
having no development of stone cells in the phloem. Hence there is enough to 
justify a suspicion that the fossil might prove to have fructifications which would 
necessitate its removal to another genus. But until that proves to be the case the 
vegetative similarity between the fossil and Cryptomeria is such that we cannot do 
other than associate the two closely. Hence the name Cryptomeriopsis. 

Diagnosis : — 

Cryptomeriopsis, gen. nov. 

General external appearance like Cryptomeria. The leaves diamond shaped in 
section. In each leaf there is a single vascular bundle above a large central resin 
duct and two lateral resin ducts. Stomates on both sides of the leaf. The axis as in 
Cryptomeria. Tracheid with a single row of round bordered pits. Wood without 
tannin cells, cortex with resin ducts. 

Cryptomeriopsis antiqua, sp. nov. 

Leaf slightly larger than Cryptomeria, diamond shape in section laterally 
extended. Vascular bundle much extended laterally, quantity of transfusion tissue 
very large. The lateral resin ducts dying out soon. In the axis the phloem is 
without stone cells. 

Upper Cretaceous, Hokkaido, Japan. 
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Text-fig. 19. — Diagram of the Stem of Saururopsis, showing 
its irregular outline, the central ring of vascular bundles, v.b., 
and the irregular strands, rs., going out to the roots, x 15. 



Saururopsis niponensis. * 

(Text-fig. 19 ; Phots. 42-47, Plate 7.) 

The single specimen we have of this plant lies in sections 1 B 1-1 B 10, cut in 
transverse direction, and in slide 1B11-1B13 in oblique longitudinal direction. 
This consists of the axis, which is giving off numerous rootlets (in every section there 

are several in the course of exit 
from the axis), and which seems 
to have been either a rhizome or 
the base of a stem. It is slightly- 
flattened in the sections, but this 
seems to be due, partly at least, 
to crushing. The size of the stem 
varies considerably in the different 
sections, the larger diameter being 
about 13 mm. The outline of 
the transverse section is extra- 
ordinarily irregular (see text- 
fig. 19, which gives a plan of 
the tissue arrangements), which 
seems to be due partly to the 
bases of the numerous appendages and partly to possible wounding, but at the same 
time it looks as though the actual specimen had been knotty and irregular, as is 

* The identification of fossil Angiosperms by means of their vegetative anatomy is a subject which is 
at present in its infancy. Hence there is an inevitable tendency for anyone forced to attempt to identify 
fossil fragments from their anatomy to rely on local information. To escape this danger so far as possible, 
we sought out the available data from the scattered literature on Dicotyledonous anatomy, with the object 
of making a general key. The only comprehensive book on the subject of the anatomy of Dicotyledons 
(namely that of Solereder) has no tables, keys, or plans by which it is possible to run down an unknown 
plant by its anatomy alone, but the chapters merely recapitulate the details of family after family of the 
natural orders. The few works which include any account of fossil Dicotyledons give no help for a 
general key. 

We saw, therefore, no alternative but to attempt the construction for ourselves of the lacking key 
before beginning the work of identifying our fossils. For this purpose we abstracted the necessary 
details from Solereder's monumental work, and the supplement to this in the English edition 
(Solereder, 1908), as well as all the available additional details from papers by a number of authors. For 
the purposes of the key, only the more reliable and essential data were selected and tabulated in columns. 
For the plants which he describes most of these details were available in Solereder's work, with one 
rather notable exception, namely the omission of the medullary rays ; the vertical height which, though of 
great systematic importance, is hardly ever mentioned in his book. 

The tables we compiled we found extremely useful for the preliminary determination of a specimen, for 
by this means we could feel sure that every known family had been considered to some extent, while the 
large majority of them we could at once eliminate from the list of those we had to examine in detail. 
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not infrequent with underground stems. The whole outline is enclosed by a 
delicate cork tissue, which is a dozen or more cells deep. 

The appendages appear to be all of one sort, and as several of them show clearly 
that they were roots, it seems almost certain that all were of the same nature. 
There is no evidence of scales or leaves either attached or appearing to belong to 
the stems in any of the sections. 

Main Axis. — That portion of the main axis which we have is *a little more than 
2 cm. long, and roughly 13 mm. by 8 mm. in diameter, though very irregular. Its 
tissues, except for the wood of the vascular bundles, are entirely soft walled, there 
being no evidence of any form of strengthening tissue. The separate vascular 
bundles are placed in a ring towards the middle of the stem (cf. Phot. 42, Plate 7), 
but this is broken or crushed in all the sections. In addition to these bundles there 
is a number of strands running in a variety of directions in the cortex to supply 
the appendages. 

The cork layers surrounding the irregular outline of the stem, are thin walled in 
regular radial series, and bend up round the base of the appendages. There are 
numerous cells in the pith and cortex which are infested with fungi (see p. 4), but, 
as well as these, there are cells which seem to be of a secretory nature, and are 
recognisably different from the former, which are noteworthy because they seem to 
correspond to the " oil cells" characteristic of the living family in which we place 
this fossil. 

To describe the tissues in detail : — 

The Cortex consists of practically uniform soft- walled cells, roughly circular in 
outline (averaging 0*05 mm. in diameter), and fitting together so as to leave 
practically no intercellular spaces. Mixed together with these cells, are some with 
thicker brown walls and opaque contents, which are much the same size as the rest 
of the cortex, although more irregular and sometimes rather elongated. As in the 
case of the corresponding cells in the living members of the Saururacece, their cell 
walls may have been suberised. The cork layers outside the cortex show no evidence 
as to the seat of their origin, which was, however, superficial, because there is a broad 
zone of cortex outside the vascular bundles, so that it could not have lain deep in the 
cortical tissue or in the pericycle. The cork cambium is not sharply distinct, but 
seems to lie toward the base of the dozen or so cells in a radial row in the zone of 
secondary tissues ; the cells cut off from this on its inner side, forming normal 
phelloderm. The cork layers do not appear to have been heavily suberised and 
contain no thick- walled stone cells in their layers. 

The Vascular Bundles form a single, normally orientated ring towards the centre 
of the section. They appear to have numbered about sixteen, but in no section is the 
ring entirely complete, as the bundles are anastomosing, or crushed, or the stem is 
broken in every section. The arrangement and relative size of the bundles are shown 
in text-fig. 19 in diagrammatic form. As well a$ these bundles, there is a large 

I 2 
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number of strands coming from them and running in the cortex in every direction, 
some, as in text-fig. 19, r.s., running tangentially to the axis and giving off strands to 
the appendages. The bundles have no definite sheath, either of sclerised, or of 
specialised soft cells. An endodermis is not recognisable, though it was very probably 
present. Thus the pith is not visibly separated from the cortex, and is entirely like 
it in composition. The medullary rays are several cells broad and are quite 
un specialised, and like the ground tissue. 

The wood is particularly remarkable in consisting of elements which are entirely 
scalariform, except for a few spiral protoxylems. The protoxylems lie in the normal 
position on the inner side of each strand, and can be seen in oblique sections to 
consist of narrow, spirally thickened elements. They are well seen in a number of 
the longitudinally cut strands of the appendages. The metaxylem consists of wood 
elements mixed with a very small quantity of parenchyma. In transverse section 
these elements appear very homogeneous in size, there being no distinction between 
large-lumened vessels and small tracheids and fibres as is so usual in Angiosperms, but 
the wood cells are much of a size. They measure from about 0*02 mm. to 0*04 mm. in 
diameter. This uniformity in composition is seen in Phot. 43, Plate 7. 

In longitudinal and in oblique sections the thickening of their walls is very readily 
seen, and appears to be entirely and exclusively scalariform, generally with a single 
row of much elongated pits on each facet of the wall. These are shown in Phot. 44, 
Plate 7. 

There is no evidence of a normal cambium, although in the last section, where the 
stem seems to have been much damaged prior to fossilisation, there is a cambium- 
like zone round the bundles which extends somewhat down each side. 

The Phloem in nearly all cases is either oblique or too ill preserved to be treated of 
in any detail. In the last section, mentioned above as having been wounded, one of 
the bundles shows the small-celled tissue outside the xylem in transverse section, but it 
is not free from suspicion that it has been affected by the wounding. The cells are 
small, squarish, and apparently thin walled, with no very clear differentiation, but they 
look much like a tissue consisting of squarish sieve tubes and parenchyma (see 
Phot. 45, Plate 7). Outside them lies a group of thicker-walled cells with clear brown 
contents, which seem to be secretory cells. They are seen to accompany the vascular 
bundles in all the sections. A few of these cells pass out with the strands running 
to the appendages, and can be recognised in both transverse and longitudinal sections 
of the bundles. There seem to be no sclerised elements among or outside the phloem. 

Pericycle and endodermis are not recognisable. The latter, however, was most 
likely present, judging from analogy with the living plants which these fossils other- 
wise so much resemble. 

Appendage strands running out through the cortex follow a variety of directions. 
Their origin is not very definite : sometimes they are clearly seen to arise from the 
joined strands arising from two axial bundles, sometimes from part of one, and some- 
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times as branches given off in the cortex from another, appendage strand. In this 
they agree with the rootlets given off from the base of the stem of the living 
Saururus. The course of these bundles is also very erratic : in many cases they run 
straight out to the appendage, while in others they may run round outside the 
vascular bundles in a tangential direction for some distance, and then give off a side 
branch to a root. In these details also there is entire agreement with the living family. 
Some of the bundles in the fossil curve very much, and may even bend back suddenly 
in a U-form, or may go in a direction like an S to the exit (see Phot. 46). The 
strands consist, like the main bundles, of scalariform elements, among which it is usual 
to recognise in an oblique section one or more spiral protoxylems. In all cases the 
bundles are accompanied by several cells of a secretory nature, like those in the phloem 
region of the main bundles. 

The Rootlets. — The broad base of attachment of the rootlets is seen in sections of 
the stem (see Phot. 46, Plate 7) ; the xylem strand lies in the middle of the pad, some- 
times projecting even a little further into the matrix than does the soft tissue. Only 
one detached rootlet is seen near the main axis, and this is cut in transverse section, 
and is like those still embedded in the cortex. Eound the rootlets in the cortex near 
their point of exit is a sheath of cells separating them from the cortex in which they 
lie, Most of these strands are cut, naturally, in oblique and longitudinal directions, 
though a few are seen transversely. 

In one such case (see Phot. 47, Plate 7), the rootlet seems to have no metaxylem 
differentiated, but there are four, perhaps five, groups of protoxylem elements much 
as appears in the living family. In the pith of the rootlets are a few of the brown 
secretory cells, of which there are also a number outside the wood elements. 

Habit. — From the anatomy of the large axis there appears to be no question but 
that it is of stem nature. The fact, however, that its only appendages are roots, 
and that there are so many of them, strongly suggests that it was a rhizome, or at 
least the basal portion of a stem. The complete absence of any bands or wedges 
of sclerenchyma, or any form of strengthening tissue, supports the idea of a rhizome, 
as does the placing of the vascular bundles towards the centre of an undifferentiated 
cortex, and the walled uninterrupted cork layer. 

Saururus, with which the fossil has many points of likeness, has aerenchyma tissue, 
which it retains to some extent even when not growing in its natural habitat, 
a swamp. There is no such tissue in the fossil, which has a fairly compact cortical 
tissue, like Houttuynia, and was, as a consequence, probably growing on ordinary soil. 

The fossil may be imagined as a fairly thick stem or rhizome, with a corky 
covering, an irregular knotty appearance, and with many attached small rootlets 
growing out all over it. 

Affinities. — Although from the anatomy of stem and rootlets alone it is a matter 
of extreme difficulty and some uncertainty to determine the affinity of an Angiosperm, 
in this case there are several anatomical peculiarities which are so well marked and 
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unusual that we feel less hesitation than might otherwise be the case in assigning the 
plant to the SauraracecB. Besides the minor points of agreement, there are the 
following : — The entirely and exclusively scalariform thickenings of all the wood 
elements except the protoxylems and the form of the ladder-like bars ; the uniformity 
in size of the wood elements, which are not mixed with large vessels as is usual in 
Angiosperms ; the grouping of the wood elements with little parenchyma and no 
fibres ; the presence in pith and cortex, and accompanying the outgoing rootlets, of 
large numbers of some sort of secretory cells. Further, in the manner of the exit of the 
rootlets, whose vascular strands may partly circle the stem before going out, and in 
the structure of the rootlets, the fossil agrees with the Saururacece. With this 
primitive family, then, we include the fossil for the present, calling it Saururopsis. 
It seems to differ somewhat from all the three living genera, but partakes to some 
extent of the nature of each; 

Without fructifications we cannot throw any light on the evolution of the group, 
but it is of interest to find that this very primitive family, placed by Englee, first 
among the Archichlamydeae, with its four species confined to Eastern Asia and 
America, was represented in the Cretaceous flora of Japan, 

Diagnosis ; — 

Satjruropsis niponensis, gen. et sp. nov, 

Underground stem, 2 cm. in diameter, with very numerous rootlets attached. 
Vascular bundles of the axis in a ring. Each bundle composed of uniform wood 
elements about 0*02-0*04 mm. in diameter, all simply scalariform. Secretory cells 
beside the phloem, and accompanying and contained in the rootlets. Vascular strands 
passing off to the rootlets in a very irregular course in the cortex. 

Upper Cretaceous, Hokkaido, Japan. 

Jugloxylon Hamaoanum* 
(Phot. 48, Plate 7.) 

This species is only known to us from its secondary wood. Hence we will merely 
mention it at present and reserve its fuller description till more specimens come 
under observation. 

The salient features of the wood are : — The narrow medullary rays, most of which 
are one or two cells broad ; the large size of the widely scattered vessels, which are 
relatively few in number compared with most woods ; and the character and 
arrangement of the wood fibres. The vessels are round in section, and vary from 
0*06 to 0*12 mm. in diameter, the average size of the summer wood vessels being 
1 mm. They are isolated and placed at a considerable distance from each other, 
or adjacent in pairs, while in a few cases there are groups of three or rarely four in 
a radial direction, particularly in the neighbourhood of the limit between two annual 
rings. The wood fibres appear to be rather thin walled. They measure about 
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0*02 to 0*03 mm. in diameter, and are arranged with considerable regularity. The 
medullary rays are numerous, arranged so as to separate practically every series of 
vessels on a radius. They are principally one cell broad, but not infrequently two cells. 

Affinities, — The relatively large size of the vessels in a wood with such narrow 
rays is a feature which serves to separate the wood from the majority of species. 
The proportion of Angiospermic woods with medullary rays only one or two cells 
broad, after the first or second year of growth, is not very great. The living 
Juglans, however, in the species we examined, unites the characters of narrow 
rays and large, thinly scattered vessels, and very closely resembles the fossil. 
The name Jugloxylon is therefore given as descriptive of the appearance of the 
wood, although we lay no particular stress on the systematic position that the name 
suggests. 

The species name is given in honour of Baron Hamao, the President of the 
Imperial University of Tokio. 

Diagnosis :- — 

Jugloxylon Hamaoanum, gen. et sp. nov. 

In the secondary wood the vessels are placed at wide intervals. They are 
'06-0 *12 mm. in diameter, averaging 1 mm., and are circular in outline. Wood 
fibres thin walled, regularly placed. Medullary rays mostly one cell, though not 
infrequently two cells in breadth. 

Upper Cretaceous, Hokkaido, Japan. 



Populocaulis yezoensis. 
(Phot. 49, Plate 8.) 

This plant is represented by two twigs lying in the same nodule, but not attached 
to each other. The smaller is about 5 mm. in diameter, and cut in transverse section. 

The stems, as a whole, have no very salient feature beyond the medullary rays, 
which are only one cell broad, but are much more sharply preserved than the rest 
of the tissues, and show up their thickened and pitted walls clearly against what 
now appears as a thin-walled ground mass of wood. There are no leaves or branching 
visible in the stems, so that the affinities of the plant are consequently difficult to 
diagnose, and we do not propose to describe them fully here. 

The Pith is only recognisable in the smaller sections, and is somewhat star-shaped, 
with five rays. 

The Vessels are scattered fairly evenly through the secondary wood. They are 
generally isolated in the ground tissue, but sometimes lie so that two or even three 
are adjacent. Their size varies from 0*04 to 0*08 mm. in diameter, but most are 
about 0*06 mm. in diameter. 
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The Medullary Rays are nearly all one cell broad. Many of them seem to be 
only two or three cells, but a few are four or six cells in height, though as there 
are no tangential sections their height is not certainly determinable. The individual 
cells of the ray are usually squarish in outline, but some are slightly elongated in 
the radial direction. Their walls are the most noticeable feature of the plant, and 
are thick and pitted, and thus show up very strikingly against the apparently thin- 
walled mass of the wood. 

The living group with which these stems seem to agree more closely than with any 
other, so far as we can ascertain, is the genus Popuhis. 

Diagnosis : — 

Populocaulis, gen. nov. 

Stems with secondary wood. Wood with round vessels, scattered vessels with 
numerous roundish pits. Medullary rays mainly one cell broad, their cells uniform, 
rectangular, thick walled, with many small pits. Groups of thick-walled fibres in 
the phloem. 

P. Yezoensis, sp. nov. 

In stems about 7 mm. in diameter the wood vessels average about 0*06 mm. in 
diameter. Wood fibres rather thin walled, '02-0*03 mm. in diameter. Pith five 
rayed, with five main groups of primary wood. Cork arising deep in the cortex. 

Upper Cretaceous, Hokkaido, Japan. 

Fagoxylon hokkaidense. 
(Phots. 50-53, Plate 8.) 

The specimen of this plant, which is unfortunately very fragmentary, lay in a 
nodule of large size in which there were no other plant tissues, beyond disintegrated 
scraps. The extent of the tissue of this specimen indicates that the original woody 
stem must have been of large size. The only tissues present are those of the 
secondary wood traversed by broad medullary rays. Of these tissues we have 
transverse, radial, tangential, and oblique sections (slides 4 B 9-4 B 1). and where the 
cells are preserved at all they are preserved excellently, the pitting on the wood fibres 
being remarkably beautiful. There is no sign of annual rings, which must consequently 
have been broad* as there is a fair extent of tissue preserved in a radial direction. 
The wood is chiefly remarkable for the number and the width of its medullary rays, 
some of which reach the size of 18 to 20 cells in width. 

The Wood. — In the fragments preserved, the wood is uniformly developed, with 
numerous large vessels scattered in the matrix of small thick-walled fibres. The 
vessels are usually separated from each other, but in a few cases two lie adjacent, in 
which position they are generally placed laterally and not radially. The general 
disposal of the vessels is seen in Phot. 50, Plate 8. They average about 0*08 mm. 
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in diameter, varying from 0*06 to 1*0 mm., and are approximately circular. In 
longitudinal views a number of the vessels show scalariform thickening, with the bands 
far apart, and usually stretching entirely across one facet of the wall. In a few 
places indications can also be seen of simple round pits of small size in the thick 
walls, or of slightly elongated pits. 

The mass of tissue between the vessels consists of uniform small-celled wood fibres, 
about 0*01 to 0*02 mm. in diameter, with small lumina, and very clearly preserved 
pit canals in the thick walls. These are seen in Phot. 51, Plate 8, and in a very 
high magnification in Phot. 54, Plate 10. Among these thick- walled cells are some 
with thinner walls, of which the lumina are often filled with blackened or brownish 
contents, similar to the filling of many of the medullary ray cells, and which therefore 
probably represent parenchyma cells among the wood fibres. 

In longitudinal section the pittings of the fibres are also excellently preserved, and 
are seen to have a definite round border with a slit-like opening. 

The Medullary Rays vary considerably in breadth, and usually about five narrow 
ones lie between the broad ones. The relative sizes of these are seen in the following 
list of numbers, which gives the number of cells in width of a series of consecutive 
medullary rays : 14, 2, 3, 5, 3, 3, 18, 2, 3, 3, 3, 3, 13, 6, 1, 2, 3, 2, 3, 2, 3, 15. Some 
of the broad rays are as much as 20 cells in width. 

In transverse sections the cells composing the ray are elongated radially, and 
measure from about 0*05 X 1*0 to 0*02 X 1*4. In many cases their tangential walls 
are not rectangular in the usual way, but slope very considerably (see Phot. 51, 
Plate 8). The ray cells have slightly thicker walls with visible round pits, 
so that the transverse section of a group of ray cells much resembles the longitudinal 
section of short thin-walled prosenchyma. 

In most of the cells are blackened or brownish masses, or reticula of very various 
appearance in the different cells, but presumably the remains of the protoplasmic 
contents. 

In longitudinal tangential section the rays are seen to be very high as well as 
massive (Phot. 53, Plate 8), over 90 cells in vertical direction being counted in 
medium sized rays. Larger ones were incomplete in the section, but showed 
150 cells in vertical direction. The individual cells are roundish, slightly lenticular, 
and fitting into each other irregularly, but giving an appearance of horizontal 
stratification. In radial section the cells appear rectangular, elongated horizontally, 
and closely fitted, most of them show slightly thickened walls pierced by fine pit 
canals which are often bifurcated. 

Affinities. — Having only the secondary wood and medullary rays to judge from, 
we cannot speak decisively as regards the affinities of the plant, but the agreement 
between its wood and that of a large stem of the living genus Fagus is such that it 
suggests, if not necessitates, the inclusion of the fossil in the group Eu-Fagus. As 
Solereder points out, the characters of this section of Fagaceae differ with constancy 
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from those of the Noto- Fagus series, and it is in the former that we find the closest 
likeness to the fossil. In the living examples of Fagus which we examined, the 
diameter of the vessel averages a trifle less than those in the fossil, but in their 
scattered, equally distributed placing, and in having but slightly marked annual rings, 
the living and fossil forms agree. Further points of agreement are found in the 
prevalence of scalariform banding in the vesse]s, the round bordered pits with slit- 
like openings in the wood fibres, the broad medullary rays alternating with narrow 
ones, and in the shape and height of the tangential view of the principal rays. We 
have consequently named the fossil wood Fagoxylon, on the same grounds as the 
various Gymnospermic -oxylons have been named. 

The genus Fegonium of Unger and Felix, with which this plant has, presumably, 
some relationship, is of Tertiary age, and does not seem to agree entirely with 
our fossil. 

Fagoxylon must of course have general affinities with the whole Cupuliferae, but 
the woods of Quercus and Passania (which are of the broad rayed type) which 
we examined are sufficiently different to separate it from them, while the rest of the 
Cupuliferse seem to have narrow rays in the wood. The relation to Fagus itself, 
judging from the similarity of the two woods, may prove to be a very close one, but 
until more of the plant is known this cannot be determined. 

Diagnosis : — 

Fagoxylon hokkaidense, n. foss. nov. 

Secondary wood closely similar to that of the living Fagus, 

F. hokkaidense, sp. nov. 

Vessels in the wood lying singly, a few in pairs. Vessels averaging 0*08 mm. in 
diameter. Scalariform thickening and round or slightly elongated pits. Medullary 
rays very broad, up to 20 cells in width ; also very high, up to 150 cells or more 
in height; wood fibres thick walled, with many pit canals, and slightly bordered pits. 

Upper Cretaceous, Hokkaido, Japan. 

Sabiocaulis Sakuraii. 

(Phots. 54, Plate 8, and 55, 56, and 57, Plate 9). 
This species appears to be the commonest of the Angiosperms of this fossil flora. 
There are a number of small fragments of it in various blocks, and five fairly well 
preserved stems of different sizes among the specimens. Unfortunately, there are 
no branches attached to the large twigs nor any leaves or other parts. We have, 
therefore, merely vegetative twigs, some with no secondary growth, and some in 
which there is a considerable zone of secondary wood. The minute twiglets, of 
which there are two in one of the blocks with the larger stem, may possibly have 
been petioles, as their shape is rather bilateral than circularly symmetrical, but there 
is no proof that they are other than thin twigs. 
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The principal specimens are : The minute twigs in slides 4 Q 24b and 4 Q 32a-35a ; 
the stem with a little secondary growth in the latter sections, and another in 
1 V 2-4 and 1 V 1 2-5, and the largest stem in K.F. 7b Y 1-11. There is no 
perfect stem among them, though parts of each specimen are w^ell preserved. 

The general appearance of the transverse section of the average stem, with its 
noticeably large patches of bast fibres, is seen in Phot. 54, Plate 8. Section 56, 
Plate 9, shows the minute unthickened twiglets. In the older stem the most 
noteworthy character is the sclerised masses of the medullary rays outside the 
wood, which unite the bast fibres and form together a complete sclerised ring round 
the stem. 

The smallest twiglet, the possible petiole, has a diameter of 1 mm., and the 
largest stem of 6 mm. The latter specimen, unfortunately, lies at the edge of the 
matrix so that it is not complete in any section, as is also the case in the medium 
sized stem (4 mm. in diameter) which, except in two sections, lies so that only a 
rim of its tissue is preserved in the matrix. The details of the stem agree fairly 
well in all the specimens, though a few minor points are uncertain owing to the 
differences in the types of petrifaction in different nodules. 

The Pith. — This consists of two fairly distinct though not abruptly deliminated 
regions. The central part is composed of roundish and hexagonal cells, fitting so as 
to leave very small intercellular spaces. These cells are about 0'05 to 0'08 mm. in 
diameter, and have fairly thin walls in the smaller stems, in the larger stems a few 
of the cells are slightly thick walled and pitted. In the largest stem there are 
groups of stone cells, which are seen in the longitudinal sections to be rather 
irregular. Similar groups of cells were observed in the living genus which seems to 
come nearest to the fossil. 

The outer zone of the pith consists of much smaller cells, among which are thick 
walled fibre-like cells forming a medullary cap on the inner side of the primary 
bundles. In the seam in 4 Q 32a the group of pith cells on the pith side of the 
bundle is as well defined and as large as is the phloem cap, though this is not always 
the case. 

The Protoxylems are not absolutely determinable in transverse section, though 
the primary bundles are very clear, as is seen in Phot. 54, Plate 8. In longitudinal 
sections the protoxylem elements are seen as narrow vessels with spiral bandings. 
Near them are wider elements with scalariform thickening, presumably the rest of 
the primary wood. 

The secondary wood, which has begun to form in the medium sized stems, 
forms a fairly wide zone in the largest, and remains entirely fascicular, the bundles 
remaining separated by the continuations of the broad primary medullary rays, with 
no formation of secondary wood between them. The vessels are circular in diameter, 
measuring about 0*04 mm. in diameter in the younger portions, which alone are 
well preserved. They are fairly numerous, and are placed singly among the w^ood 
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fibres. Among the secondary wood appear a few rather narrow elements with 
scalariform thickening, but the nature of the pitting of the larger vessels is uncertain, 
as they are not well preserved. 

The wood fibres appear not to have been very thick walled, but are poorly 
preserved in the older sections. In the younger stem they are seen to be princi- 
pally square in shape, of a diameter about 0*015 mm., and arranged in regular 
radial rows. 

The Phloem is not perfectly preserved in any section. The brown crushed mass 
which represents it is, however, recognisable in all, and frequently shows something 
of cell structure (see Phot. 55, Plate 9, ph.), while the cap of hard bast is universally 
well petrified. The soft tissues of the phloem do not reveal any definitely 
organised sieve tubes or companion cells, but this is probably due to the bad 
preservation. The cap of fibres is deeply crescent shaped, half encircling the soft 
bast (see Phot. 54, Plate 8, hb.) t It is composed of closely fitting cells, generally 
of from 0*02 to 0*04 mm. in diameter, but varying considerably. The walls are 
sometimes extremely thick, and often show the pit canals very clearly. In the oldest 
stem these caps of fibres persist, but only soft tissue seems to be formed in the 
secondary phloem, as is the case in stems of corresponding size of the living genus 
with which this appears to be allied. 

The Medullary Rays of the primary stem persist uninterrupted by secondary inter- 
fascicular wood. They are fairly broad, consisting of about 6-10 cells. In some of 
the bundles of the oldest stem there are also secondary rays, two or three cells broad, 
which develop in the middle of the secondary wood. In transverse section the ray 
cells are small, 0*0 1-0*02 mm. in diameter, roughly rectangular in shape, and some, 
but not all, rather elongated radially. 

In longitudinal section the secondary rays are few, but some seem to be fairly 
high, consisting of over 20 cells in vertical direction, some of the walls appearing 
rather thickened. 

The most noticeable feature of the rays, however, is the very thick walled tissue of 
which they consist directly they leave the wood (see Phot. 57, msc., Plate 9). This 
mass of stone cells joining with the hard bast fibres on either side forms a continuous 
though composite sclerised zone round the stem. This is also the case in the living 
Sabia, with which the fossil has many points in common. 

The Cortex and Epidermis. — The cortical zone, even in the youngest stem, is not 
extensive, consisting of only about half a dozen to a dozen cells in width. There are 
no specially differentiated tissues, the cells being of much the size and appearance 
of the pith cells, with among them a few isolated stone cells with thick 
pitted walls. 

The cork, of which there are two or three cell rows in the medium sized stem, 
appears to have been sub- epidermal, for cells which look very like the epidermis are 
recognisable in several places outside it. 
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In the smallest twiglets the epidermis is perfect (cork not having begun to form), 
and consists of small squarish cells in transverse section. 

The Habit. — From so little evidence we can form no complete idea of the plant. 
Though there are 1 1 consecutive sections of one of the stems, there is no sign of leaves 
or twigs attached, so that the internodes were probably not less than 2 cm. long. The 
arrangement of the tissues of the bast, and the broad medullary rays keeping the 
primary bundles always distinct, favours rather than otherwise the view that the 
plant was a sprawler or unspecialised climber, possibly not unlike the Japanese 
sprawler Sabia, with which there are many points of similarity in structure. 

Affinities. — The sclerised masses of the medullary rays joining the large cap of the 
bast fibres is a character, so far as we can ascertain, which is rare in the anatomy of 
Angiosperms. This feature, combined with the broad uninterrupted primary rays, 
seemed to limit the possible families in which to place the fossil, to the Sabiacece or 
the Menispermacece. The latter family, however, does not seem so similar to the 
fossil as the former, at least in the species we examined ; for the vessels were very much 
larger and more irregularly placed in groups, the cap of the bast fibres was less 
developed, and the sclerised part of the medullary rays represented only by a few 
irregular and more or less isolated cells in the soft tissues of the outer part of the ray. 

With the Sabiacece the likeness to the fossil is very marked. The anatomy of this 
group is but little known (Soleredek, 1908, p. 243), noting, however, the marked 
differences between the genera Sabia and Meliosma. It is with the species Sabia 
japonica that the fossil agrees. Meliosma differs considerably from the fossil, and 
lacks the sclerised ring composed of the hard bast patches and the sclerised outer 
parts of the rays. 

Sections were cut of Sabia of various ages, corresponding to the fossil stems, and they 
all agreed very closely. The only two points of difference of any importance between 
the fossil and the living plants were found in the pith and the older wood vessels. 
There seemed no evidence that the fossil pith contained anything corresponding to 
the numerous secretory cells in the pith of the living plant, while the size of the 
vessels formed after the first year s growth seemed rather greater than those of the 
fossil. The latter point may depend on the fact that the outer part of the wood of 
the fossil stem was crushed and poorly preserved, so that the measurements of the 
vessels had to be taken from the inner half of the secondary wood, and were therefore 
probably less in size than those in the more external portions. As the likeness 
between the stems is so complete in the important features, there is no need to 
recapitulate all the details in which the fossil and the living Sabia agree. 

The anatomical peculiarities of the Sabiacece seem to be so much better marked 
than those of most of the Angiospermic families that there seems to be a reasonable 
likelihood that the fossil belongs to the group, even though we have only the anatomy 
of the stem to go by, which is so insufficient in most cases. 

The similarity between the living plant and the fossil is indicated by the generic 
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name Sabiocaulis. The specific name Sakuraii is given in honour of the Director 
of the Science College of the Imperial University, Tokio. 

Diagnosis : — 

Sabiocaulis, gen. nov. 

The anatomy of the stem very similar to that of the living genus Sabia. 

Sabiocaulis Sakurah, sp. nov. 

In stems up to 6 cm. in diameter, the arrangement is normal. The primary bundles 
are separated by broad primary rays, which are continuous without interruption 
through the secondary wood. Vessels 0*04 mm. in diameter in the first year wood, 
the smaller ones scalariform. A well-marked, crescent-shaped cap of sclerenchyma 
lies outside the soft bast, and is united to the outer sclerised part of the medullary 
rays to form a composite ring. There are no sclerised elements in the secondary bast. 
Pith with two zones, the bundles with a sclerised medullary cap. The cortex 
undifferentiated, with few stone cells. Phellogen apparently sub-epidermal. 

Upper Cretaceous, Hokkaido, Japan. 

Cretovarium japonicum. 
(Photos. 58, 59, and 60, Plate 9.) 

The only Angiospermic fructification which we have yet found among the 
fragments of this Cretaceous flora appears to have been fairly plentiful, for in three 
nodules we have seven distinct specimens. 

The sections described are principally from block 1 YA, which has parts of five distinct 
specimens. Among them are two specimens in which there is preserved round the 
ovary some portion of foliar structure which may be a scale, but is more likely to be 
a perianth, as it is attached to two carpels in one of the ovaries. 

It is unfortunate that none of the individual specimens are cut in more than one 
section, but this fact assists in determining their size, for it indicates that they must 
be not more than 3 mm. in vertical height or they would appear in a second section 
in the series containing transverse ones of the ovary. The sections are all transverse 
or transverse-oblique, no longitudinal section has been recognised. 

The ovary is trilocular, the three loculi being of the same size ; they are united in the 
centre with axile placentation. The diameter of the whole is about 2 mm. and 
presumably the vertical height is not much greater. As is seen in Phot. 58, Plate 9, 
the carpels are rounded off where not in contact, and the whole ovary was presumably 

globular. 

Wall of Ovary. — As preserved in most of the sections, the wall of the ovary is 
not massive, consisting of a zone of three or four well-preserved cells with a streak of 
crushed tissue outside them. This outer zone shows signs of having been a soft 
fleshy layer outside the inner persistent one, but is too poorly preserved to describe. 
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The inner zone consists entirely of very thick walled elongated fibres which run 
partly horizontally and partly vertically in the wall. In all the sections these cells 
have much thickened walls, which seems to point to the fact that the ovaries were all 
approaching maturity. 

In one of the sections the solid centre of the ovary is well preserved and shows 
a triradiate mark where the carpels join. This axile portion consists of small cells with 
much thinner walls than the rest ; among them can be recognised the vascular strands. 

Outside the ovary wall in slide 1 YA, lying in the angle between the junction of 
two carpels, is a roundish mass of cells, continuous with the tissue of the soft outer 
zone of the ovary wall. This is seen in Phot. 58, Plate 9, and may possibly be some 
sort of nectary or gland, though it may very well be merely a portion of the wall 
crushed upwards and cut tangentially. 

There is no indication of true dehiscence of the ovary wall, or of any external 
features such as spines or hairs. 

Vascular System. — Owing to the crushing of the outer part of the ovary, it is not 
possible to estimate the number, or even to be sure of the existence of strands in 
that region, though it is likely that some vascular bundles ran in the carpel walls. 

In the axile part, as noted above, small strands of vascular tissue are preserved 
clearly in one section, though they are not recognisable in the others. There are two 
small groups of vascular tissue in each of the three portions of the column, making 
six central strands in all, corresponding to the rows of ovules. There seem to be 
only two or three very small tracheids (0'005-0'998 mm.) in each, surrounded 
by a cluster of thin-w^alled cells smaller than the rest of the ground tissue but not 
sharply differentiated from it. In their appearance these strands resemble those of 
the smaller Liliaceous ovaries very closely. 

Placentalion. — Only in one section is there any sign of the actual attachment of 
the ovules. This is in slide 3 YA where, as seen in Phot. 60, Plate 9, two points of 
attachment are clearly seen in each carpel, apparently at about the same horizontal 
level, so that it appears that the ovules were in two rows along the axile 
placentation. 

Unfortunately of the ovules themselves no tissue remains. A brownish mass, like 
a crumpled membrane, in some of the carpels may possibly be interpreted as the coat 
of an ovule. 

Foliar Structure presumably Perianth — The attachment of the foliar structures to 
the carpels in slide 1 YA establishes the fact that they belong to the carpels we have 
just described, a fact which their relative position in slide 1 YA (seen in Phots. 58 and 
59) would leave little room to doubt. In these two slides only are any such tissues 
preserved. 

Whether the foliar structure represents a single bract or part of the fused tube of 
a perianth, it is impossible to determine absolutely from these specimens, but in its 
anatomy, so far as it is preserved, there is no indication of compound origin. 
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The lamina was thick, indications of not less than a dozen cells can be seen in 
places. The tissues, however, are too crushed and poorly preserved to make it 
possible to give any detailed description of them. In one or two places are oblique 
strands which suggest vascular bundles or strands of sclerenchymatous tissue. Just 
near the point of attachment of the carpels is a group of sclerenchymatous cells cut 
across so as to show the pit canals clearly in some of the thickened walls. There are 
also zones of thin-walled whitish cells which are highly suggestive of cork layers. 
The lamina, therefore, was evidently not of an entirely temporary nature, but 
persisted with the growing carpels. 

In one of the slides is a suggestion of a second member of the same nature, but 
though the scrap of tissue lies where one would expect a second perianth member to 
lie, there is no organic continuity, and the scrap is too poorly preserved to indicate 
whether it belongs to the flower or is a stray fragment in the matrix. This is seen 
in Phot. 58, Plate 9, at p. 

Attachment of Carpels to Foliar Structure or Perianth. — This is seen in the only 
case we have at present, in Phot. 59, Plate 9, where two carpels are attached to the 
foliar organ. The small space between them, s., may possibly have been a reservoir in 
which, supposing the doubtful structure in Phot. 58, Plate 9, to have been a nectary, 
honey was stored. It may very likely, however, be due to the decay of soft 
intervening tissue, or to have been a natural hollow cavity. 

The section, though oblique, is not very far out of the transverse, as can be seen by 
the relative sizes of the carpels. The plane of the section must have lain so that 
the lower side was on that of the two attached ovules. Such a section must 
necessarily have passed below the middle of the ovary on the attached side and 
through the middle or but little above it on the other. The actual area of 
attachment being so small and the carpels roundish and not vertically extended, it 
becomes clear that the perianth tube (or the bract) must have been attached to the 
carpels but a short distance, perhaps only a third of their height. The carpels being 
then in the main superior, -with a slight inferiority of position. 

Affinities. — Although Dicotyledons are not entirely shut out from possible affinity 
with this plant, as there are several genera in which trilocular ovaries are to be 
found, yet the general appearance and structure of these carpels is much more like 
those of several typical Monocotyledons than of any Dicotyledon with which we are 
acquainted. 

The trilocular ovary with axile placentation and seeds in two rows is found among 
the Monocotyledons as a group (though in isolated cases in other families) only in 
the Liliflorese. In this group the Liliacese alone have superior ovaries, and would 
therefore be the most natural family in which to include the fossil. Among the 
Liliacese, though typical with free parts and superior ovaries, there is some variety of 
organisation. Such a genus as Aletris, for example, in which the ovary is semi- 
superior, with fusion- to the perianth for half its length, though more advanced in 
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these directions than the fossil appears to be, yet indicates a not impossible affinity. 
In seeming harmony with which is the present distribution of the living genus 
Aletris in Eastern Asia and North America. 

This is assuming that the foliar structure of the fossil is a perianth, which seems 
well founded. It is not impossible, however, that it is a mere bract, and might have 
been, as in Saururus, attached directly to the carpel, though it does not compare 
with any such living forms we examined. That it was even such an organ as 
a cupule or disc is not impossible, though there is nothing to favour such a 
supposition. 

On the whole, judging from its detailed structure and general appearance, we 
incline to place the flower in the Liliaceae. 

Diagnosis : — 

Cretovarium, gen. nov. 

Ovary trilocular. Placentation axile. Seeds in two rows. Perianth (?) fused 
to the lower part of the carpels, which are slightly inferior. 

Cretovarium japonicum, sp. nov. 

Ripe ovary 2 mm. in diameter. Ovary globular and not greater than 3 mm. 
in height. The wall of the ovary with an inner persistent layer of sclerenchymatous 
fibres. Six small vascular bundles in the placental axis. 

Upper Cretaceous, Hokkaido, Japan. 

Conclusion. 

The fact that we are describing a flora of which nothing has hitherto been known 
means that the points which have come to light about the individual plants here 
described are of necessity very much more isolated, and form a less connected whole, 
than is the case in dealing with a relatively well-known fossil flora, such as the 
Carboniferous. As regards the Cretaceous period, we are to-day in an even less 
advantageous position than were the writers on the Carboniferous thirty years ago, 
and are in reality only laying foundations of a building the form of which does not 
yet appear. 

Of the majority of the plants described in this paper we have only a single part, 
and where two or more parts, such as stem and leaves, or stem and roots, are known 
from the same plant, we must think ourselves very fortunate. This makes it 
difficult, indeed, to bring the fossils into relation with the plant families as a whole, 
and even where their position in the natural system can seem assured, they do not all 
at this stage appear to add very much to the sum of purely botanical knowledge. 
We trust that the fragments will fit into their places later on, and till then do not 
wish to add to the already too numerous theories which have inadequate facts as 
their foundation. 
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As this is a first and, we hope, not a final paper, the conclusions will not be 
elaborated at length, but will be confined to the main features of interest in the new 
field which this work opens up. 

The first and most obvious result of the present work is the addition of the 
following new genera and species to the number of the known plants. 

Fungi : Petrosphceria japonica, Stopes and Fujii. 
Pteridophyta : Schizceopteris mesozoica, Stopes and Fujii. 

Fasciostelopteris Tansleii, Stopes and Fujii. Fern rootlets. 
Gymnosperms : Niponophyllum cordaitiforme, Stopes and Fujii. 

Yezonia vulgaris, Stopes and Fujii. 

Yezostrobus Oliveri, Stopes and Fujii. 

Araucarioxylon Tankoense, sp. nov. 

Cedroxylon Matsumurce, sp. nov. 

Cedroxylon Yendoi, sp. nov. 

Gunninghamiostrobus yubariensis, Stopes and Fujii. 

Cryptomeriopsis antiqua, Stopes and Fujii. 
Angiosperms : Saururopsis niponensis, Stopes and Fujii. 

Jugloxylon Ilamaoanum, Stopes and Fujii. 

Sabiocaulis Sakuraii, Stopes and Fujii. 

Populocaulis yezoensis, Stopes and Fujii. 

Fagoxylon hokkaidense, Stopes and Fujii. 

Cretovarium japonicum, Stopes and Fujii. 

Of these, Yezonia might be specially mentioned as being of a new type, sufficiently 
unlike the known Gymnosperms to justify at least the suggestion that it requires a 
new family to be created for its inclusion, for which we propose the name the 
Yezoniacece. Cretovarium , the flower, has no structures which seem in any way 
morphologically unique, but it is the first flower to be found in petrified material 
among the fossils of any age, though impressions of a few flowers are known. 

The list of species given above shows that we are dealing with a mixed flora, whose 
external features were probably not unlike those of the plants of to-day, even the 
strangest and most exceptional among them in its internal organisation differing but 
little from a common type of to-day in its external appearance. The mixture of 
plants in the flora is roughly composed of one-third Angiosperms, one-third 
Gymnosperms, and one-third lower plants. There is, of course, no petrified flora of 
Mesozoic age with which this can be compared, but, even in the composition of the 
various floras known from impressions, there is no parallel case. 

In view of the fact that the Cretaceous flora is often spoken of as having a close 
similarity to that of the present, it is interesting to note that Yezonia and 
Yezostrobus have no external feature to indicate the fundamental differences in 
their internal organisation. The small adpressed leaves of Yezonia are quite like 
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those of the Taxodineae, while in general appearance the cone of Yezostrobus must 
have been very similar to Abietinean cones of to-day. 

The two plants of which we have the greatest number of individuals are the new 
Gymnosperm Yezonia and the Angiosperm Sabioeaulis. Of most of the others only 
one, or in some cases, two specimens are among the fossils already cut. Yezonia 
seems to have been without any doubt the commonest plant of the district ; indeed, 
it appears in many respects to be to this Cretaceous flora what Lyginodendron is 
to the Lower Coal Measures, and, like it, is a plant whose foliage and external 
appearance do not give the key to its internal organisation, which is of an 
intermediate type. Had we only had impression material of Yezonia it would 
almost inevitably have been described as " Thujites" or some such genus, and the 
peculiarity of the plant would have passed unnoticed. Knowing its internal 
structure, however, it stands out as a new and interesting type (see p. 23, ante), 
for in its anatomy it combines the features of several of the higher Gymnosperms, 
with a suggestion of Cycadean character and with a new type of leaf. Further, 
there is more than a suspicion that it bore a cone with seeds organised like those of 
the Palaeozoic Pteridosperms. Yezonia therefore takes its place as an extinct type 
full of theoretical value and suggestion. It is also an excellent example of the 
deceitfulness of the external features of a plant, particularly of a fossil plant, which 
may serve as an incentive to study the Cretaceous flora more closely. It appears 
not at all improbable that when we know more about it we shall no longer consider 
the Cretaceous vegetation as so similar to that of the Tertiary and the present day, 
and that as a consequence the flora of that period will be seen to be more parallel 
to the condition of the fauna, which differs so greatly from that of the succeeding 
geological epoch. 

Although such a limited number of plants as are here described can give no 
complete idea of the forests, yet it is probable that it gives a fairly representative 
sample of the common plants of the district at the time. They were growing at no 
great distance from the sea, apparently on land, which was neither swampy nor 
unusually dry. On the whole, the plants seem to have been those of a warmer 
region than the locality is at present. The two ferns belong to families typically 
tropical or sub-tropical. Niponophyllum, presumably Cycadean, would indicate 
tropical or sub-tropical conditions. Cunningham iostrobus suggests the highlands of 
a sub-tropical region, judging from its likeness to the living members of the family, 
which are now only found in such parts. The Angiosperms are less decisive, but are 
rather more characteristic of the warmer portions of the temperate zone than the 
colder, while the Sabiacece belong to the monsoon region, tropical East Asia, 
Brazil, etc. This agrees with the ferns and Gymnosperms in indicating a sub-tropical 
climate for the Hokkaido region in Cretaceous times. 

When we turn to consider the present distribution of the families to which these 
fossil plants belong, we find that most of them still have representatives in Japan or 
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Eastern Asia, or in America. The SchizceacecB and Dicksoniacecs still inhabit the 
hotter parts of Japan. Cycas is at home there in the south. The living Araucaria, 
presumably an ally of the fossil Araucarioxylon, is no longer in Japan, nor are 
Ceclrus and Cunninghamia, though the new second species of the latter, as well as 
the genus Taiwania, are found in Formosa. Cryptomeria, though so universal 
throughout present day Southern Japan, is not now indigenous to Hokkaido. Of 
the Angiosperms some species of all the families found in the fossil are now found 
in Japan, while it is interesting to note that the family Saururacece consists of only 
three species, which are confined to Eastern Asia and Japan and one to New 
California in America. 

The distribution on the whole, therefore, while not differing fundamentally from 
that of the present, shows that several plants no longer found in Japan inhabited it 
in the Cretaceous period, and that the plants on the whole were those of a region 
which was probably sub-tropical in its climate. As regards Yezonia, until the 
Cretaceous fossils of other districts are known, or until, as is very likely, it 
appears in a much older formation, nothing can be said as to its distribution in time 
or space. It is an interesting coincidence that another isolated Gymnospermic 
type, Ginkgo, survived in Japan from very early times till the present geological 
epoch. 

Turning now to the individual plants described in this paper, the fungus 
Petrosphceria is an exceptionally well preserved petrifaction of a fungus ; it belongs 
in all probability to the Sphceriacece, but it has no direct phylogenetic value, so far as 
can be determined at present. 

The fern sorus, Schizceopteris, leaves one in no doubt as to its inclusion among the 
Schizceacece y the character of its annulus being very clear and characteristic. So 
small a part of the fructification is known, however, that it is not possible to 
determine the nature of the sporophyll, and consequently its exact relationship 
to the other members of the family.. Its details, so far as they are known, point in 
the direction of Aneimia, but it does not coincide with the living genus. While 
several impressions of fossils have been placed in this family, some of them from 
rocks of a much earlier date, they are mostly of rather an uncertain nature, and 
this is in any case the first member of the group which occurs in structural 
petrifactions. 

The fern rootlets, with their diarch steles, seem to be identical with the usual ones 
of the Leptosporangiate ferns of all epochs, and are in no way unusual. It is 
practically certain that they belong to one or more of the fern stems we have in the 
nodules. 

The leaf Niponophyllum is unfortunately known from only one or two separate 
blades. It offers several points of anatomical interest, which have been entered into 
fully in the text (p. 17). The general anatomy of the leaf is surprisingly like 
that of the Palaeozoic Cordaites, while the nearness of the veins and the absence 
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of transfusion tissue afford data for a comparative consideration of the leaf structure 
in living Cycads, Cordaites, and Cycadeoidea. The points raised will not be 
recapitulated here, but they suffice to show that the plant was one which may prove 
to be of considerable anatomical interest when its whole structure is discovered. 
The plant has entirely died out of the East Asian area, and while its relation to the 
Australian Cycads is not impossible, it is unlikely. 

The Gymnosperm Yezonia is the commonest plant of this flora, and at the same 
time the most interesting. Its several peculiar structures, particularly the 
organisation of its leaves, with their unique arrangement of vascular tissue and 
transfusion tissue, are described on p. 26. Although we have no specimen of this 
plant with its fructification in organic continuity, there exists that constant 
association with Yezostrobus which is sometimes such a valuable suggestion in 
dealing with fossil fragments. There is also sufficient similarity in anatomical detail 
between the scale of the seed and the leaf of the plant (see p. 40) to leave but little 
real doubt as to their identity. Everything marks out Yezonia as being one of 
that company of plant types which are known only from the fossils, and whose 
structure would never have been imagined had not their actual remains come down 
to science. 

Owing to the lack of absolute proof of continuity with the vegetative parts, 
Yezostrobus must be named and considered separately. Its salient features were 
described on p. 33. Its chief interest lies in the fact that it bore seeds in a cone, 
which seeds were massive and organised like those of Cycads, and at the same time 
had a nucellus free from the integument right down to the base. The seed itself, 
indeed, was like that of the Palaeozoic Trigonocarpus, while it was borne on what 
seems to have been a simple scale, with only one seed on it. It will be remembered 
that the supposed vegetative parts have no likeness to Araucaria, a genus with 
which the single-seeded scale might suggest comparison. This and the preceding 
plant then afford a fascinating field for theoretical and general phylogenetical 
discussions, from any further excursion into which we intend to refrain for 
the present. 

Passing to the next Gymnosperms on the list, Araucarioxylon and Cedroxylon 
neither offer any new anatomical feature beyond the presence of traumatic resin 
canals in Cedroxylon, which are described for this genus for the first time. 

In Cunninghamiostrobus the organisation is too similar to the living genus to offer 
any great novelty, although the unusually large size of the scale vascular bundles is 
a small point worth notice. Lying as the cone did, half exposed in the matrix, some 
idea was obtained of its external appearance, and it is worthy of note that it is very 
like several of the Cretaceous cones called Sequoia. 

Cryptomeriopsis, having stems and leaves attached together, is one of the most 
complete of the plants described. It seems to differ but slightly from the living 
genus Cryptomeria, and the anatomical observations arising from its comparison 
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with the recently discovered living genus Taiivania refer primarily to the 
living genus. 

Among the Angiosperms, more is known of Saururopsis than of the rest, as it has 
a stem with roots attached. Its anatomy is of an interesting type, which is very 
unusual among Angiosperms, but the fossil differs but little from the living members 
of the group. The other A ngiosperms, known only from their secondary wood or 
stem structure, offer no feature new to anatomy. The genus Sabiocaulis, which is 
the commonest of the fossil Angiosperms we describe, has also a type of stem 
anatomy comparatively rare among living forms. Unfortunately none shows a new 
" Pro- Angiosperm " type of anatomy. But we should like to remark here that it 
seems very doubtful if it would be recognisable as such were the stem alone of 
a pro- Angiosperm to be forthcoming. After this, if it will not appear too inconsistent, 
we should like to add that the presence of Saururopsis at this early date makes one 
pause to consider whether, looked at impartially, anything could be much more 
primitive than the anatomy of Saururopsis, and, indeed, the Saururacece as a whole. 
Had botanists not got accustomed to the existence of Saururus among living plants 
it would surely have attracted the anatomists' attention. It has no large vessels, no 
differentiation of the wood into vessels and fibres. Its metaxylem elements are 
exclusively scalariform. No phylogenetic views are here expressed : we wish merely 
to note the fact, brought to our notice by the discovery of the fossil Saururopsis, 
that the Saururacean anatomy is of an extraordinarily suggestive description. 

Among the Angiosperms there is but one that seems to belong to the Mono- 
cotyledons, the flower Cretovarium. This, curiously enough, is comparatively 
abundant. The details of its structure are given on p. 70, with the reasons for the, 
possibly temporary, placing of it in the Liliaceae not very far from Aletris, a rather 
exceptional genus with the carpels partly inferior and fused to the perianth. In any 
case, the structure of this, the first known flower, does nothing to support the recent 
theories of flower origin, for it is itself apparently so far advanced already as to 
give no clue to its phylogeny. 

Taking the Angiosperms as a whole, there is one Monocotyledon, and five 
Dicotyledons, and of the latter the whole number belong to the Archichlamydese. 
Four of these belong to the Monochlamydese, and the fifth to the Dialypetalse. We 
have not yet described all the Angiospermic remains which have passed through our 
hands, but have chosen the less fragmentary ; hence in the material already available 
these numbers cannot be said to have any intrinsic value. Sections of the Angio- 
spermic leaves, for example, are particularly abundant, but are so extremely difficult 
to identify that we have not described any of them in the present paper. 

These new fossil plants, then, seem to be an interesting community, consisting of 
a mixture of old and new types, of higher and lower plants mixed in nicely balanced 
proportions ; a community which in some respects, at any rate, one could have hardly 
imagined from the fossil remains hitherto available from the Epoch. 
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DESCRIPTION OF FIGURES. 

The authors are much indebted to Mr. Salisbury for Phots. 12, 49, and 52, and 
to Mr. Watson for Phot. 60. The other drawings and photos were prepared by 
M. C. Stopes. 

(Drawings in the plates made with the aid of the camera lucida.) 

Plate 1. 
Figs. 1-6.— Petrosphceria japonica, Stopes and Fitjil 

Fig. 1. — -Cells of the cortex of Saururopsis infested with hyphse of the fungus. 

X500. 
Fig. 2.— -End of a hypha of Petrosphceria, cut off by a transverse septum and much 

swollen and thickened. X 750. 
Fig. 3. — Hypha of the same, irregularly thickening and swelling. X 750. 
Iigs. 4 and 5. — Nests of thickened s< cells " in the periderm of the host, showing the 

common form in which they occur. X 750. 
iig. 6. — Section through one of such masses as are shown in figs. 4 and 5. This shows 

the very thick walled nature of the plectenchyma. h, hyphse, apparently 

connected with the mass, possibly germinating from it. X 800. 



STRtTCTUEE and affinities of CRETACEOUS PLANTS. 83 

Fig. 7 . — Faseiostelopteris Tansleii, Stopes and Fujii. 

Transverse section of part of a stele of the main axis, showing : — 

g. Ground tissue, thick walled (of Phot. 2, Plate 2, g.). 

en. Endodermis. 

p. Pericycle. 

ph.s. Phloem sheath. 

t.ph. Thickened cells, presumably phloem. 

ph.sv. Cells, presumably sieve tubes. 

wis. Wood sheath. 

x. Xylem. X 180. 

Figs. 8 and 9. — Seed of Yezostrobus Oliveri, Stopes and Fujii. 

Fig. 8. — Longitudinal section of a part of the seed (cf Phot. 11, Plate 3). 
o.f Outer flesh of integument, with c. secretory or resinous cells (?). 

St. Stone layer of the integument. 
if Inner flesh of the integument. 

i.e. Epidermis bounding the inner flesh of the integument. 
sp. Space between the integument and the nucellus. 
en. Epidermis bounding the nucellus. 

n. Cells of the nucellus. 

Fig. 9. — A few of the cells from the stone of the seed, showing the irregular 

mingling of transversely and longitudinally running elements. 

s. Ordinary stone cells, showing the pit canals. 

b. Cells with walls rather less thickened and filled with a blackened mass. 

Fig. 10. — Medullary rays of Cedroxylon Matsumurce. 

Part of a radial section of a medullary ray, crossing poorly preserved tracheids, but 
showing structures highly suggestive of nuclei in the ray cells. 

Fig. 11. — Cryptomeriopsis antiqua, Stopes and Fujii. 

External appearance of leaf at L. Broken across in the surface s. are other leaves 
of the plant, I. X 2. 

Plate 2. 

Phot. 1. — Schizwopteris mesozoica, Stopes and Fujii. 

Photo of the sorus, with numerous sporangia attached to, and in the neighbourhood 
of, the sporophyll. 

sp. Sporangium, attached at a. 

(Compare text-fig. 3 for details, and text-figs. 1 and 2 for diagrams of the sorus 

and sporangia. ) X 4 5 . 

M 2 
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Phots. 2 and 3.—Fasciostelopteris Tansleii, Stopes and Fujii. 

Phot. 2. — Portion of the main axis, showing the very curved band-like strands of 

wood. 
x. Xylem. 
c. Cortical tissues. 
g. Central ground tissue. 

(Compare text-diagram 4.) 

Phot. 3. — Part of the ground tissue and vascular strand of the main axis. 

g. Ground tissue in the neighbourhood of the stele, showing its extremely 

thick walls. 
x. Xylem of the stele. 

(Compare Plate 1, fig. 7, for details of the stele.) 

Phot. 4. — Transverse section of a fern rootlet. 
Showing the diarch stele, thickened inner cortex, and large-celled outer cortex. X 55. 

Phots. 5-8. — Yezonia vulgaris, Stopes and Fujii. 

Phot. 5. — Transverse section of the main axis, showing secondary wood. 

p. Pith. 
p.s. Nests of sclerenchyma in the pith. 
px. Protoxylems. 
tw. " Thin-walled " wood. 
lav. C( Thick- walled " wood. 

v. Secretory canals. 

c. Cortex. 

Phot. 6. — Part of the wood of the main axis. 

p. Pith cells. 

px. Protoxylems. 

w. Metaxylem. 

lav. " Thick- walled " wood. 

tw. " Thin- walled " wood. 

(Compare Phot. 7.) 

Phot. 7. — Detail of the wood, showing the " thick-walled," kw. 9 on the same radii as 

the " thin-walled," tw. 

Phot. 8. — Leaf base attached to the main axis, a. 
r. Large irregular secretory passages. 
tr. Zone of transfusion tissue. 

sc. Strands of hypodermic sclerenchyma, alternating with soft tissue into 
which the stomates open. 

(Compare text-diagram 11.) 
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Plate 3. 

Phot. 9. — Yezonia vulgaris, Stopes and Fujii. 

A tangential section through a leaf surface, showing the rows of stomates, St., 
alternating with the strands of hypodermic sclerenchyma, scl. m., general soft 
ground tissue of the leaf. 

Phots. 10-13. — Yezostrobus Oliveri, Stopes and Fujii. 

Phot. 10. — Longitudinal section of the seed attached to the scale. 

X . Direction of axis of the seed. 
sc. Scale. int. Integument. 

ne. Nucellar epidermis, 
m. Macrospore. 
sc. 2 Scales of other seeds. 

(Cf text-fig. 13.) X3*6 

Phot. 11. — Part of the base of seed in Phot. 10 enlarged. 

ne. Nucellar epidermis. 

s. Space between nucellus and integument. 
ie. Epidermis of inner integument. 
st. Stone. 

t. Tracheids at the base of the seed. 

Phot. 12. — Apex of seed in Phot. 10 enlarged. 

of. Crushed streak, remnant of outer flesh. 

st. Stone. 

if. Inner flesh. 

ie. Epidermis of inner flesh. 

s. Space between integument and nucellus. 

ne. Epidermis of nucellus. 

m. Macrospore membrane. 

my. Base of micropyle. 

Phot. 13. — Vascular strand of seed in transverse section, v. ; it lies just outside the 

stone cells, st. The position of the outer flesh (which has largely 
decayed) is marked at of. 

Phots. 14-16. — Niponophyllum cordaitiforme, Stopes and Fujii. 

Phot. 14. — Portion of leaf in transverse section, to show the numerous parallel veins. 

u. Upper surface of leaf. 
L Lower surface of leaf. 

(Compare diagrams in text-figs. 5-7.) 
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Phot. 15. — A single vascular bundle from the leaf, showing : — 

px. Protoxylem. 
x. Xylem. 

os. Outer sheath cells of bundle sheath. 
ph. Space where phloem lay. 

Phot. 16. — Bundle and some of the surrounding tissue of the leaf. 

sc. Sclerenchyma above the bundle. 

p. Palisade cells. 

os. Outer bundle sheath. 

ss. Inner, thick-walled bundle sheath. 

x. Xylem. 

ph. Position of phloem. 

(Compare text-fig. 7.) 

Phots. 17 and 18. — Araucarioxylon Tanhoense, sp. nov. 

Phot. 17. — Transverse section of the wood. 

Phot. 18. — Transverse section of part of the wood in Phot. 17, on a larger scale, to 

show the rows of pittings in the walls. 

r. Pits in radial walls. 

t. Pits in tangential walls. 

Plate 4. 

Phot. 19. — Yezonia vulgaris, Stopes and Fujii. 

A single secretory passage in an old stem, within which a cork-like layer (I.) is 
forming. 

Phots. 20-23. — Cedroxylon Matsumurw, sp. nov. 

Phot. 20. — Transverse section of the secondary wood, showing well-marked annual rings. 
Phot. 21. — Summer and autumn wood, enlarged to show the details of the tracheids. 
Phot. 22. — Longitudinal section of some tracheids, to show pitting on the walls, in 

single and double rows. 
Phot. 23. — Longitudinal section, to show the medullary rays ; single cells broad and 

of varying heights. 

Phots. 24-26. — C. Yendoi, sp. nov. 

Phot. 24. — Transverse section of the secondary wood, showing a row of traumatic 

resin canals, tr. (vertically running canals). 
Phot. 25.- — Tangential section, showing the medullary rays, m., and in two of them 

the horizontally running traumatic resin canals, '€ut across, tr. 
Phot. 26. — Tangential section of the wood, showing the small medullary cells ; a single 

row of cells broad and two or three high. 



STEUCTUEE AND AFFINITIES OF CEETACEOUS PLANTS. 87 



Phots. 27-34. — Cunninghamiostrobus yubariensis, Stopjss and Fujii. 

Phot. 27. — Natural size view of the cone which projected through the nodule surface 

before cutting. 
Phot. 28. — Part of transverse section through a scale. 

v. Vascular strands. 
t. Transfusion tracheids between them. 
h. Hypodermic row of sclerised cells. 
g. Secretory canals. 

Phot. 29. — Single' scale in transverse section. (The lateral expansions have been cut 

off in the photo. Compare text-fig. 15.) 

v. Row of vascular bundles. 
p. Pad of tissue on which presumably the seeds were borne. 

Phot. 30. — Part of scale, to show the large undivided vascular bundle, v. 

From this a small strand, s. 9 is coming off. 
g. Large secretory canal below the bundle (cf. text-fig. 15). 

Phot. 31. — High power view of the transfusion tracheids. 

Phot. 32. — A scale from the apex of the cone, with three protuberances, a, b, and c, 

which are presumably ovules. 

(Cf. Phot. 33.) 

Phot. 33. — Protuberance a of Phot. 32 enlarged, showing the regular, closely packed 

tissue, unlike that of the ground tissue of the scale. 

Phot. 34. — The exit of a scale strand, set., from the main axis tissues, ax., showing 

its large size and semicircular form. 



Plate 6. 

Phots. 35-41. — Cryptomeriopsis antiqua, Stopes and Fujii. 

Phot. 35. — Section through main axis, surrounded by leaf bases. 

p. Pith. 

x. Secondary wood. 

It. Leaf trace passing through the secondary wood. 

Phot. 36. — Tangential longitudinal section of the wood of the main axis, to show the 

medullary rays, one cell broad and nearly all one cell in height. 

Phot. 37. — Transverse section of part of the secondary wood,, jr., with outside it the 

cambium zone, c, and the phloem, ph. ct. 9 cortical cells. 
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Phot. 38. — Transverse section of the base of a leaf 

G. Central secretory canal. 
g. Lateral secretory canals. 
v. Vascular strand, tr. Transfusion tracheids. 
a, a. Position of stomates. 

Phot. 39. — Transverse section toward the tip of the leaf 

G. Single central secretory canal, the lateral ones have died out by this level. 
tr. Transfusion tracheids. 

Phot. 40. — Enlargement of the central secretory canal, G., such as is seen in Phot. 38, 

showing two or three cells, like an epithelial lining, e. 

v. Vascular bundle. 

tr. Transfusion tracheids. 

Phot. 41. — Longitudinal view of strand of transfusion tracheids, showing the markings 

on their walls. 

Plate 7. 

Phots. ±2~i7.-Saururopsis niponensis, Stopes and Fujii. 

Phot. 42. — Transverse section of part of the axis. 

v. Vascular bundles. 
c. Cortical regions. 
p. Periderm. 

Phot. 43. — Part of the wood from such a bundle as that shown in Phot. 42, enlarged, 

showing the uniform size of the wood elements. 
Phot. 44. — Longitudinal section of the wood elements, showing their scalariform 

thickenings. 
Phot. 45. — Transverse section of region outside the wood, which looks very suggestive 

of phloem tissue. 
Phot. 46. — Section of outer part of the cortex, with the strand of an outgoing 

rootlet, showing the curved form of the strand coming from a tan- 

gentially running bundle in the cortex. 

f p. Periderm of cortex. 
t. Tangentially running strand. 
r. Strand going out to rootlet. 

Phot. 47. — Transverse section of a rootlet running in the cortex. 

Phot. 48. — Jugloxylon Hamaoanum, Stopes and Fujii. 

Transverse section of the wood, showing vessels, regularly arranged fibres, and 
medullary rays. 
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Plate 8. 

Phot. 49. — Populocaulis yezoensis, Stopes and Fujii. 

Phot. 49. — Transverse section of the stem, showing the five-rayed pith, the secondary 

wood with medullary rays, and a portion of the cortex. 

Phots. 50-53. — Jugloxylon Hamaoanum, Stopes and Fujii. 

Phot. 50. — Transverse section of secondary wood, showing the broad medullary rays 

alternating with the narrow ones, and the numerous large vessels. 
Phot. 51.— Part of wood of Phot. 50 enlarged, transverse section. 

bm. Broad medullary ray ; note the oblique tangential walls of the elements 

composing it. 
nm. Narrow medullary rays. 

v. Vessels. 

f. Wood fibres, thick- walled, in which pittings can be seen (cf. Phot. 52). 

Phot. 52. — Wood fibres enlarged to show the pit canals, p. 

I. Lumen of fibres. 
v. Vessels, only partly within the field of the photograph. 

Phot, 53. — Tangential section of a broad medullary ray. 

Phot. 54. — Sabiocaulis Sakuraii, Stopes and Fujii. 

Part of the stem in transverse section. 

p. Pith. 

v. Vascular bundles. 

c. Cambium zone. 
ph. Phloem, capped by hard bast fibres, hb. 
cor. Cortex. 

Plate 9. 
Phots. 55-57. — Sabiocaulis Sahuraii^ Stopes and Fujii. 

Phot. 55. — Part of a bundle from Phot. 54, Plate 8, enlarged. 

v. Wood vessels. 

c. Cambium zone. 
ph. Phloem. 

hb. Hard bast fibres, forming a solid cap behind the bundle. 
cor. Cortex. 

Phot. 56.— Transverse section of a complete minute twiglet, showing a ring of 

bundles arranged in a slightly horseshoe-shaped fashion, 
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Phot. 57. — Part of the bundles of an older stem in transverse section. 

v. Vascular bundle, radially extended by secondary growth. 
mr. Medullary rays, continuous between all the primary bundles, rn.sc, sclerised 
outer portions of the rays. 
c. Region of cambium. 
ph. Phloem. 
lib. Hard bast cap. 
cor. Cortex. 

Phots. 58-60. — Cretovarium japonicum, Stopes and Fujii. 

Phot. 58. — Transverse section of the trilocular ovary, with perianth, p. 9 partly 

round it. 
Phot. 59. — Slightly oblique section of the trilocular ovary, with perianth, p. 

The loculi, a and 6, are attached to the perianth at points £, t. s. 9 small space 
between carpels and perianth. 
Phot. 60. — Transverse section of part of three carpels from another ovary of 

Cretovarium. 

f. Inner fibrous layer of ovary wall. 

s. Outer layer, probably soft tissued, represented by crushed blackened mass. 
pi. Placentae, two in each carpel, indicating that the ovules were in two rows. 
X40. 
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Text-fig. 3. — Sporangia of Schizceopferis mesozoica, Stopes and Fujii. 
, longitudinal drawing of a complete sporangium, showing the base of attachment and the apical cap; 
B and C, details of the annulus in longitudinal and oblique sections ; D, part of a surface view of one 
of the sporangia, showing the thick-walled annulus cells, an, and the form of the sporangial wall, s. 




Inner flesh of in- 
tegument. 

Stone of integument. 

Outer flesh of in- 
tegument. 



Sclerenohyma. Stomates. 

Text-fig. 13.— Diagram of the Seed of Yezoslrobm. This is partially restored. The mieropyle is not 
given at the apex, as there is not evidence enough to determine its appearance, x 11. 
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Plate 1. 

Figs. 1-6. — Petrosphceria japonica, Stopes and Ftjjii. 

Fig. 1. — Cells oi' the cortex of Saururopsis infested with hyphse of the fungus. 

X500. 
Fig. 2. — End of a hypha of Petrosphwria, cut oft' by a transverse septum and much 

swollen and thickened. X750. 
Fig. 3. — Hypha of the same, irregularly thickening and swelling. X750. 
F'igs. 4 and 5. — Nests of thickened "cells" in the periderm of the host, showing the 

common form in which they occur. X750. 
Fig. (i. — Section through one of such masses as are shown in figs. 4 and 5. This shows 
the very thick walled nature of the plectenchyma. /(., hyphas, apparently 
connected with the mass, possibly germinating from it. X 800. 
Fig. 7. — Faseiostelopteris Tandeii, Stopes and Fran. 
Transverse section of part of a stele of the main axis, showing : — 
g. Ground tissue, thick walled (cf. Phot. 2, Plate 2, </.), 
en. Endodermis. 
p. Pericycle. 
ph.s. Phloem sheath. 
t.ph. Thickened cells, presumably phloem. 
ph.sv. Cells, presumably sieve tubes. 
w.s. Wood sheath. 
x. Xylem. X 180. 

Figs. 8 and 9. — Seed of Tezostrobus Oliveri, Stopes and Fran. 
Fig. 8. — Longitudinal section of a part of the seed (cf. Phot. 11, Plate '!). 
o.f. Outer flesh of integument, with c. secretory or resinous cells (?). 
St. Stone layer of the integument. 
if. Inner flesh of the integument. 

i.e. Epidermis bounding the inner flesh of the integument. 
sp. Space between the integument and the nucellus. 
en. Epidermis bounding the nucellus. 
«. Cells of the nucellus. 
Fig. 9. — A few of the cells from the stone of the seed, showing the irregular 
mingling of transversely and longitudinally running elements. 
s. Ordinary stone cells, showing the pit canals. 
b. Cells with walls rather less thickened and filled with a blackened mass. 

Fig. 10. — Medullary rays of C'edroxylon Matsvmurw. 
Part of a radial section of a medullary ray, crossing poorly preserved tracheids, but 
showing structures highly suggestive of nuclei in the ray cells. 

Fig. 11. — Cryptomeriopsis antiqua, Stopes and Fu.ni. 
External appearance of leaf at L. Broken across in the surface s. are other leaves 
of the plant, /. X 2. 




Plate 2. 

Phot. 1. — Schizceopteris mesozoica, Stopes and Fujii. 

Photo of the sorus, with numerous sporangia attached to, and in the neighbourhood 

of, the sporophyll. 

sp. Sporangium, attached at a. 

(Compare text-fig. 3 for details, and text-figs. 1 and 2 for diagrams of the sorus 

and sporangia. ) X 4 5 . 

Phots. 2 and 3. — ffasdostelopteris Tansleii, Stopes and Fujii. 
Phot. 2. — Portion of the main axis, showing the very curved band-like strands of 
wood. 
x. Xylem. 
c. Cortical tissues. 
g. Central ground tissue. 

(Compare text-diagram 4.) 

Phot. 3. — Part of the ground tissue and vascular strand of the main axis. 

g. Ground tissue in the neighbourhood of the stele, showing its extremely 

thick walls. 
x. Xylem of the stele. 

(Compare Plate 1, fig. 7, for details of the stele.) 

Phot. 4. — Transverse section of a fern rootlet. 
Showing the diarch stele, thickened inner cortex, and large-celled outer cortex. X 55. 
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Phots. 5-8. — Yezonia vulgaris, Stopes and Fujii. 
— Transverse section of the main axis, showing secondary wood. 

Pith. 

Nests of sclerenchyma in the pith. 

Protoxylems. 
" Thin-walled " wood. 
" Thick- walled " wood. 

Secretory canals. 

Cortex. 
— Part of the wood of the main axis. 

Pith cells. 
Protoxylems. 

Metaxylem. 

" Thick- walled " wood. 

" Thin- walled " wood. 

(Compare Phot. 7.) 

— Detail of the wood, showing the " thick -walled," ku>., ou the same radii as 

the " thin-walled," tw. 
— Leaf base attached to the main axis, a. 
Large irregular secretory passages. 
Zone of transfusion tissue." 

Strands of hypodermic sclerenchyma, alternating with soft tissue into 
which the stomates open. 

(Compare text-diagram 11.) 




Plate 3. 

Phot. 9. — Yezonia vulgaris, Stopes and Fujii. 

A tangential section through a leaf surface, showing the rows of stomates, St., 



alternating with the strands of hypodermic sclerenchyma, 
ground tissue of the leaf. 



scl. to., general soft 



Phots. 10-13. — Yezostrobus Oliveri, Stopes and Fujii. 
Phot. 10. — Longitudinal section of the seed attached to the scale. 
X . Direction of axis of the seed. 
sc. Scale. int. Integument. 

ne. Nucellar epidermis. 
to. Macrospore. 
•sc. 2 Scales of other seeds. 

(Of. text-fig. 13.) X3-6 

Phot. 11. — Part of the base of seed in Phot. 10 enlarged. 
ne. Nucellar epidermis. 
s. Space between nucellus and integument. 
ie. Epidermis of inner integument. 
St. Stone. 
t. Tracheids at the base of the seed. 

Phot. 12. — Apex of seed in Phot. 10 enlarged. 

of. Crushed streak, remnant of outer flesh. 

St. Stone. 

if. Inner flesh. 

ie. Epidermis of inner flesh, 

s. Space between integument and nucellus. 

ne. Epidermis of nucellus. 

to. Macrospore membrane. 

my. Base of micropyle. 

Phot. 13. — Vascular strand of seed in transverse section, v. ; it lies just outside the 
stone cells, st. The position of the outer flesh (which has largely 
decayed) is marked at of. 

Phots. 14-16. — Niponophyllum cordaitiforme, Stopes and Fujii. 
Phot. 14. — Portion of leaf in transverse section, to show the numerous parallel veins. 
u. Upper surface of leaf. 
I. Lower surface of leaf. 

(Compare diagrams in text-figs. 5-7.) 
Phot. 15. — A single vascular bundle from the leaf, showing: — 
px. Protoxylem. 
x. Xylem. 

os. Outer sheath cells of bundle sheath. 
ph. Space where phloem lay. 

Phot. 1G. — Bundle and some of the surrounding tissue of the leaf. 
sc. Sclerenchyma above the bundle. 
p. Palisade cells. 
os. Outer bundle sheath. 
ss. Inner, thick-walled bundle sheath. 
x. Xylem. 
ph. Position of phloem. 

(Compare text-fig. 7.) 

Phots. 17 and 18. — Araucarioxylon Tankoense, sp. nov. 
Phot. 17. — Transverse section of the wood. 

Phot. 18. — Transverse section of part of the wood in Phot. 17, on a larger scale, to 
show the rows of pittings in the walls, 
r. Pits in radial walls. 
t. Pits in tangential walls. 
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Plate 4. 
Phot. 19. — Yezonia vulgaris, Stopes and Fujii. 
A single secretory passage in an old stem, within which a cork-like layer (I.) is 
forming. 

Phots. 20-23. — Cedrvzylon Matsummre, sp. nov. 
Phot. 20. — Transverse section of the secondaiy wood, showing well-marked annual rings. 
Phot. 21. — Summer and autumn wood, enlarged to show the details of the tracheids. 
Phot. 22. — Longitudinal section of some tracheids, to show pitting on the walls, in 

single and double rows. 
Phot. 23. — Longitudinal section, to show the medullary rays ; single cells broad and 

of varying heights. 

Phots. 24-26. — C. Yendoi, sp. nov. 
Phot. 24. — Transverse section of the secondary wood, showing a row of traumatic 

resin canals, tr. (vertically running canals). 
Phot. 25. — Tangential section, showing the medullary rays, in., and in two of them 

the horizontally running traumatic resin canals, eut across, tr. 
Phot. 26. — Tangential section of the wood, showing the small medullary cells ; a single 

row of cells broad and two or three high. 




Plate 5. 



Phot. 27. — Natural size view of the cone which projected through the nodule surface 

before cutting. 
Phot. 28. — Part of transverse section through a scale. 
v. Vascular strands. 
t. Transfusion tracheids between them. 
h. Hypodermic row of sclerised cells. 
g. Secretory canals. 

Phot. 29. — Single' scale in transverse section. (The lateral expansions have been cut 
off in the photo. Compare text -fig. 15.) 
V. Row of vascular bundles. 
p. Pad of tissue on which presumably the seeds were borne. 

Phot. 30. — Part of scale, to show the large undivided vascular bundle, v. 
From this a small strand, $., is coming off. 
g. Large secretory canal below the bundle (of. text-fig. 15). 

Phot. 31. — High power view of the transfusion tracheids. 

Phot. 32. — A scale from the apex of the cone, with three protuberances, a, b, and c, 
which are presumably ovules. 

(Cf. Phot. 33.) 

Phot. 33. — Protuberance a of Phot. 32 enlarged, showing the regular, closely packed 
tissue, unlike that of the ground tissue of the scale. 

Phot. 34. — The exit of a scale strand, set., from the main axis tissues, ax., showing 
its large size and semicircular form. 




Plate 6. 



Phot. 35. — Section through main axis, surrounded by leaf bases. 
p. Pith. 

x. Secondary wood. 

It. Leaf trace passing through the secondary wood. 

Phot. 36. — Tangential longitudinal section of the wood of the main axis, to show the 

medullary rays, one cell broad and nearly all one cell in height. 
Phot. 37. — Transverse section of part of the secondary wood, x., with outside it the 

cambium zone, c, and the phloem, ph. ct., cortical cells. 
Phot. 38. — Transverse section of the base of a leaf. 
G. Central secretory canal. 
g. Lateral secretory canals. 
v. Vascular strand, tr. Transfusion tracheids. 
a, a. Position of stomates. 
Phot. 39. — Transverse section toward the tip of the leaf. 

G. Single central secretory canal, the lateral ones have died out by this level. 
tr. Transfusion tracheids. 
Phot. 40. — Enlargement of the central secretory canal, G., such as is seen in Phot. 38, 
showing two or three cells, like an epithelial lining, e. 
v. Vascular bundle. 
tr. Transfusion tracheids. 
Phot. 41. — Longitudinal view of strand of transfusion tracheids, showing the markings 
on their walls. 
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Plate 7. 

Phots. 42-47. — Saururopsis niponensis, Stopes and Fujii. 
Transverse section of part of the axis. 
Vascular bundles. 
Cortical regions. 
Periderm. 
— Part of the wood from such a bundle as that shown in Phot. 42, enlarged, 

showing the uniform size of the wood elements. 
— Longitudinal section of the wood elements, showing their scalariform 

thickenings. 
— Transverse section of region outside the wood, which looks very suggestive 

of phloem tissue. 
— Section of outer part of the cortex, with the strand of an outgoing 

rootlet, showing the curved form of the strand coming from a tan- 

gentially running bundle in the cortex. 
Periderm of cortex. 
Tangentially running strand. 
Strand going out to rootlet. 
. — Transverse section of a rootlet running in the cortex. 



Phot. 48. — Jugloxylon Hamaoanurn, Stopes and Fujii. 
Transverse section of the wood, showing vessels, regularly arranged fibres, and 
medullary rays. 




Plate 8. 
Phot. 49. — Populocaulis yezocnsis, StoPBS and Fujii. 
Phot. 49. — Transverse section of the stem, showing the five-rayed pith, the secondary 
wood with medullary rays, and a portion of the cortex. 

Phots. 50-53. — Jugloxylon Ha/maoanum, Stopes and Fujii. 
Phot. 50. — Transverse section of secondary wood, showing the broad medullary rays 

alternating with the narrow ones, and the numerous large vessels. 
Phot. 51. — Part of wood of Phot. 50 enlarged, transverse section. 

bm. Broad medullary ray ; note the oblique tangential walls of the elements 

composing it. 
nm. Narrow medullary rays. 
v. Vessels. 
f. Wood fibres, thick- walled, in which pittings can be seen (of. Phot. 52). 

Phot. 52. — Wood fibres enlarged to show the pit canals, p. 
I. Lumen of fibres. 
v. Vessels, only partly within the field of the photograph. 

Phot, 53. — Tangential section of a broad medullary ray. 



Phot. 54. — Sabiocaulis Sakuraii, Stopes and Fujii. 
Part of the stem in transverse section. 
p. Pith. 

v. Vascular bundles, 
c. Cambium zone. 
ph. Phloem, capped by hard bast fibres, Kb. 
cor. Cortex. 









Plate 9. 
Phots. 55-57. — Sabiocaulis Sakuraii, Stopes and Fujii. 
Phot. 55. — Part of a bundle from Phot. 54, Plate 8, enlarged. 
v. Wood vessels. 
c. Cambium zone. 
ph. Phloem. 

hb. Hard bast fibres, forming a solid cap behind the bundle. 
cor. Cortex. 

Phot. 56. — Transverse section of a complete minute twiglet, showing a ring of 
bundles arranged in a slightly horseshoe-shaped fashion, 

Phot. 57. — Part of the bundles of an older stem in transverse section. 
v. Vascular bundle, radially extended by secondary growth. 
mr. Medullary rays, continuous between all the primary bundles, m.sc, sclerised 
outer portions of the rays. 
c. Region of cambium. 
ph. Phloem. 
lib. Hard bast cap. 
cor. Cortex. 



Phots. 58-60. — Gretovarium japonicum, Stopes and Fujii. 

Phot. 58. — Transverse section of the trilocular ovary, with perianth, p., partly 

round it. 
Phot. 59. — Slightly oblique section of the trilocular ovary, with perianth, p. 

The loculi, a and 6, are attached to the perianth at points t, t. s., small space 
between carpels and perianth. 
Phot. 60. — Transverse section of part of three carpels from another ovary of 
Cretovarium. 
f. Inner fibrous layer of ovary wall. 

s. Outer layer, probably soft tissued, represented by crushed blackened mass. 
pi. Placentae, two in each carpel, indicating that the ovules were in two rows. 
X40. 



